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I N the following work Baron Liebig has given to the 
public his mature views on agriculture, after sixteeti 
years of experiments and reflection. The fundamental 
basis of the work is still the so-called Mineral Theory, 
wliich holds that the food of plants is of inorganic 
nature, and that every one of the elements of food 
must be pinsent in a soil for the proper growth of a 
plant. The discovery of the remarkable power of ab- 
sorption possessed *by arable soils has necessarily led to 
a nullification of the views regarding the mode in whicli 
plants take up their food from the soil. As the food of 
plants cannot exist for any length of time in solution in 
soiK it is clear that there cannot be a circulation of 
sucm solution towards the roots, but the latter must go 
in search of food. Hence the great importance of 
studying the ramification of the roots of plants, and 

the mode of growth of the different classes of plants 

« 

cultivated by man. The first chapter is devoted to the 
consideration of the growth of plants, of the formation 
of their roots, and of their power of selecting food, 
and the part played by the mineral matters which are 
absorbed. 

If the food of plants is not in solution in the ground, 
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we can conceive that those portions of the soil traversed 
by the numeibus root ramifications will be more or less 
exhausted of food elements, ^vhilst the immediate neigh- 
bouring portions are still rich in them. If, therefore, a 
succeeding crop is to grow equally well on all parts 
of a field, there must be a thorough mixing of the 
exhausted and of the unexhausted portions of soil. This 
is effected by mechanical means, by manures, or by 
(ftrtain chemical compounds. Hence the necessity of 
becoming acquainted with the nature and properties of 
the soil and subsoil. The second chapter is devoted to 
this subject. 

The soil consists of arable surface soil and subsoil 
In the former is accumulated the nutriment of plants 
chiefly cultivated for the food of man. This accumula- 
tion is effected by the absorptive power of the arable 
soil for mineral matters, by which soluble sal^are 
removed from solution, and even chemical decompo- 
sition of the most stable compounds is brought about, 
and the bases or acids are retained by the soil in a firm 
state of combination. It is the presence of food i^the 
soil in this state of physiQol combination which is alone 
available for the nutrition of plants. On the abundant 
or scanty supply of food in this state depends the fertility 
or sterility of a soil. In fertile soils food is present 
also in another form, in which it is not immediately 
available for the nutrition of plants. It exists as 
chemical compounds which are not soluble in water, 
or acids until rendered so by the action of powerful 
chemical agents, or to a much smaller extent by the 
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slower process of the de(K)mposing action of the weather. 

When the food is ehminated by 'disintegration (by fallow 

and mechanical operations) from tins inert state of 

* 

chemical combination, it passes into that .of physical 
combination with the earthy particles before it is ab- 
sorbed by the plant. Each kind of soil has its own 
absorptive power for causing the food to pass into a 
state of physical combination. When manure is applied, 
its greater or less dispersion tliroughout the soil will 
depend on this power. In general it is absorbed and 
fixed by the upper few inches of the soil, a smaller 
quantity penetrates to the lower layers, and scarcely 
^any at all to the deep layers and subsoil. Hence when 
a subsoil is exhausted, manure cannot restore its fertility. 
From this peculiar property of soils of arresting the 
circulation of solutions of the food of plants, arises tlie 
necessity of employing means for the distribution of 
food, and for the uniform mixture of the different layers 
of the soil. The manner in which this is effected by 
mechanical operations, by organic matter, by manures, 
bjlP^rtain chemical salts, &c., is pointed out in chapters 
second, third, and twelfth. 

Th% quantity of food in a state of phymal comhina- 
tion in any fertile soil is only li^nited. Continuous 
cultivation without replacement of all the mineral matters 
removed in the crops destroys fertility, either by causing 
the absolute loss of the assimilable food, or by altejing 
the proper relative proportions between the different 
elements of food, to such an extent that the due growt]| 
of all parts of the plant is altered. For the successful 
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growth of a plant in all its parts, every element of food 
is required. Not one substance has any superior fertilis- 
ing power over another. The average crop of an un- 
manured field is always regulated by that element of 
food which is present in minimum quantity. The efiect 
of a manure when beneficial is merely to increase the 
relative proportion of this minimum element. If the 
minimum matter was known in each case, its direct 

application would be sufficient to increase the fertility 

1* 

of the soil. But as in general this point is not ascer- 
tained, the application of farm-yard manure is certain 
in producing a fertilising effect, simply because it is a 
complex mixture containing all the food elements of 
plants, and consequently whilst supplying other matters 
which are not immediately wanted, it also furnishes the 
minimum substance. In chapter fourth, is discussed 
the question of this altered composition of the ground 
by cultivation. 

In chapter eleventh, the fact that not one of the 
elements of food by itself possesses any superior nutri- 
tive value over the others is further discussed. •o. 
genous food, like all the rest, must be present if a plant 

f 

is to grow properly, but no excess of this element of 
food will of itself produce more abundant crops. The 
analyses of soils show that they abound in nitrogen. 
Were all other sources of this element wanting, 
there would still be a continued supply provided for 
in rain and dew, and in the many processes of oxida- 
ition going on at the surface of the earth. Probably, 
wherever we have a generation and circulation of car- 
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bonic acid, there is also a provision for the formation of 
nitrogenous compounds. When Nature thus provides 
for a supply of nitrogen without the aid of man, it is 
likely that exhaustion of all other elements of food in 
the soil will take place by cultivation before this occurs 
with nitrogen. The inefficacy of the mass of nitrogen 
in the soil cannot be attributed to its existing in two 
forms, in olle only of which it is assimilable. This is 
proved by experiments with soils and with farm-yard 
manure. When the nitrogen of the soil is not available, 
some other cause must be sought for than its existence 
in a state in which it is sparingly assimilable. This 
cause will be found to be the absence of some other 
elements of food, which, upon being supplied, will at 
once render the seemingly inoperative nitrogen at once 
energetic. 

The diminution of the amount of available food 

elements in the arable surface soil, by the cultivation 

and sale of corn, necessitates the ’ restoration of the 

removed mineral matters. This is efiecte#to a limited 

• 

exlfeit by foreign manuring agents, but chiefly by the 
formation of miinure by means of fodder plants. By 
the system of rotation, green crops which draw their 
nutriment from the subsoil are introduced between the 
cereals. By the deep penetrating roots of the former, 
the mineral matters of the subsoil are absorbed, |nd 
in the form of manure are transferred to the arable 
surface soil. But if this process continues, and the com 
and cattle are still sold, and no rej^acement from withojml 
is made of the lost mineral matters, the time will arrive, 
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sooner or later, when the subsoil becomes exhausted, 
and th6 surface soil having no longer a reservoir from 
which to draw supplies by means of fodder plants, is 
also unable to bear remunerative crops. This natural 
progress of the system of farm-yard manuring is fully 
discussed in chapter fifth. The reader must not suppose 
that the^condemnation passed on the system of farm-yard 
manuring is meant to apply to farm-yard manure itself. 
The latter is the t3rpe of a valuable manure which cannot 
be replaced in every respect by any artificial mixtures 
in use. The remarks of the author only apply to the 
fallacious hopes entertained of keeping up permanently 
the fertility of the soil by manure obtained by the 
system of rotation, whilst we continue still to sell the 
corn raised by such manure without bringing back to 
the soil any portion of the mineral matter sold with 
the corn and cattle. 

The excrements of man contain all the mineral matter 
not only of the corn, but also of the cattle sold from 
the land. ft)idd we restore these excrements to the 
soil, a perfect circulation of the conditions of life for 
plants and animals would, be established, and our fields 
would be retained in a permanent state of fertility. 
This problem has been solved by the fthinese and 
Japanese. Chinese rural life, as it is described by 
tr#ellers, as well as the report of the Japanese system 
of husbandry given in Appendix G. by Dr. Maron, 
wotdd scarcely lead ^ to wish for the improvement 
of agriCtflture upon the plan of these Orientals I The 
requirements of modem civilisation would not permit 
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the purchase of manuring matter, however valuable, 
at the cost of all domestic comfort. The sewers must, 
we fear, still receive what would be offensive to our 
English senses. But can the contents of these sewers 
not be made available ? The great^mass of water which 
necessarily accompanies at present the fertilising matters, 
renders them of comparatively little value w^n com- 
pared with the expense of transport. But how to 
separate and concentrate these n\atters from the water 
is a problem which is at present occupying the earnest 
attention of scientific and practical men. The solutions 
hitherto proposed are far from satisfactory. The future 
of agriculture is, however, intimately connected with 
the right solution of this great sewage question. 

Ill conclusion, I have only to state that the foreign 
weights and measures have been, when necessary, trans- 
lated into their equivalents in English, but have been 
left unaltered when the point was only one of comparison, 
wliich could be equally illustrated by the foreign weights. 

J. BLYTH, M.D. 

Quebn’s Collboe, Cork: 

March 16, 1863. 
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I N the sixteen years which have intervened between 
this work and the sixth edition of my ‘ Chemistry 
applied to Agriculture and Physiology,* I have had 
sufficient opportunity to become acquainted with all 
the obstacles which are opposed to the introduction 
of scientific teaching into the domain of practical 
agriculture. Among the chief of these may be reckoned 
the complete separation which has always existed between 
science and practice. 

There has generally prevailed an idea that a smaller 
amount of information and intelligence is required for 
agricultural pursuits than for any other occupation ; nay, 
that the practical skill of the farmer is only likely to 
* be injured vien he has recourse to science. Whatever 
requires thought and reflection is regarded as theory, 
which being the opposite of practice, must, of course, be 
of httle value. The natural result of such opinions is, 
that when the practical man does attempt to apply 
scientific teaching, he is almost invariably a sufferer. 
He seems altogether to forget that man does not become 
intuitively acquainted with scientific teaching, which, 
like the skilful use of any complex instrument^ must be# 
learned. 
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The truth or erip’ of tB^^ll^ons which guide our 
practice cannot, however, be regarded as a matter of 
indifference. 

• The more correct ideas which science has given us of 
the growth of plants, and the part played in the process 
by the soil, ^r, mechanical operations, and manure, is 
not regarded in the light of an improvement by the 
practical man, simply because his ignorance does not 
enable him to appreciate the information. Unable to 
find out the connection between scientific teaching and the 
phenomena presented in his daily pursuit, he naturally 
comes to the conclusion, from his point of view, that 
there really exists no connection between them. 

The practical agriculturist is guided by facts observed 
in his own neighbourhood for a long period; or, 
if his views are more comprehensive, he follows 
certain authorities whose system of husbandry is held 
to be the best. It never enters into his thoughts to 
submit this system to proof, for he has no standard of 
comparison at hand. What Thaer discovered to be 
useful in Mbglin was held to be equa^ so lor all^ 
Germany, and the facts which Lawes found to be true 
on a very small piece of land at Eothamsted have 
become axioms for all England. 

Under the dominion of tradition and of slavish sub- 
mission to authority, the practical man has lost the faculty 
of forming a right conception of the. facts which daily* 
pass before his eyes, and in the end can no longer 
distinguish facts from opinions. Hence, when science 
rejects his explanations of any pai^cular facts^ it is 
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asserted that the facts are themself denied* If science 
declares that we have made progress in substituting 
for deficient farm-yard manure its' active ingredients, or 
that superphosphate of lime is no special manure for 
turnips nor ammonia for corn, it is imagined that the 
utihty of these substances is contested. 

Long disputes have arisen about misconceptions of 
this kind. The practical man does not understand the 
inferences of science, and considers himself bound to 
defend his own views. The contest is not about scientific 
principles, which he does not understand, but about the 
false conceptions he has formed of them. 

Until this contest is ended by agriculturists themselves 
taking an active part in the i^atter, science can ofier no 
effectual aid. I am doubtful if this time has yet arrived. 

I build fiiy hopes, however, on the young generation 
who enter upon practice with a different preparation 
from their fathers. As for myself, I have reached the 
age when the elements of the mortal body betray a 
certain tendency . to commence a new ciriile of action, 
when we begin to think about putting our house in 
order, and must defer to no later period what we have 
still to say. 

As every investigation in agriculture requires* a year 
before we have all the facts before us, I have scarcely 
any prospect of living to see the results of my teaching. 
The only thing that remains for me to do, under these 
circumstances, is to place my views in sug1| a maimer 
bemre the public, that there cm be no posribiliQr of 
misconception on,^the part of those who will ^ve them- 
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selves the trouble becoming thoroughly acquainted 
with them. 

Many have reproached me with unjustly condemning 
modem agriculture as a system of exhaustion. From 
the communications addressed to me by many agricul- 
turists as to their system of husbandry, I must exempt 
them from such an accusation, iliere are, however, 
but few among the general body who really know the 
true condition of their soil. 

I have never yet met with an agriculturist who kept a 
ledger, as is done as a matter of course in other industrial 
pursuits, in which the debtor and creditor account of 
every acre of land is entered. 

The opinions of practiQ^l men seem to be inherited 
like some inveterate disease. Each regards agriculture 
from his own narrow point of view, and forihs his con- 
clusions of the proceedings of others from what he does 
himself. 

JUSTUS VON LIEBia. 

> \ 

* 

Munich : March 1863 . 
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THE PLANT. 
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the seed in the formation of the organs of absorption, and the production 
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rpO obtain a clear view of the theory and ^ctice of 
Agriculture, we must keep in mind the most general 
chemical conditions of the life of plants. 
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Plants contain combustible and incombustible consti- 
tuents. Of the latter, which compose the ash left by all 
parts of a plant on combustion, the most essential ele- 
ments are — phosphoric acid^ sulphuric acid, silicic acid, 
potash, soda, lime, magnesia, ir on, chloride of sodium. 

The combustible constituents are derived from carbonic 
acid, ammonia, sulphuric acid, and water: 

By the vital process of vegetation, the body of the 
plant is formed from these materials, which are therefore 
called the food of plants. All the materials constituting 
the food of our cultivated plants belong to the mineral 
kingdom. The gaseous elements are absorbed by the 
leaves, the fixed elements by the roots ; the former, 
however, being often constituents of the soil also, may 
reach the plant by the roots, as well as by the leaves. 

The gaseous elements form component parts of the at- 
mosphere, and are, from their nature, in continual motion. 
The fixed elements are, in the case of land-plants, consti- 
tuents of the soil, and cannot of themselves leave the spot 
in which they are found. The cosmic tonditions of vege- 
table life are heat and sunlight. 

By the cooperation of the cosmic and the chemical con- 
ditions, the perfect plant is developed from the germ or 
seed. The seed contains, within its own substance, the 
elements required to form the organs which are intended 
to take up food from the air and the soil. These elements 
are nitrogenous substances, sin&ar in composition to the 
casein of milk or the albumen of the blood; and also 
starch, fat, gum, or sugar, with a certain quantity of earthy 
phosphates and alkaline salts. The farinaceous body, or 
so-called albumen, of the seed of corn, as also the consti- 
tuents of the cotyledons in leguminous plants, become the 
3?OQts and leaves of the nascent plant If corn-seeds are 
set to germinate in water, and allowed to grow upon a 
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glass plate furnished wit^ fine perfor^bns, through which 
the roots may reach the water, the grain will go on grow- 
ing for several weeks witlftut receiving any incombustible 
element of food or any constituent of the soil After three 
or four weeks the apex of the first leaf is seen to turn 
yellow ; and upon examining the seed, nothing but an 
empty skin is found, for the starch has disappeared to- 
gether with the cellulose (Mitscherlich). However, the 
plant does not die .away, but new leaves are produced, 
often also a feeble stalk ; the constituents of the first- 
formed, but now withering, leaves being applied to the 
formation of fresh shoots. 

Under favourable circumstances, seeds with very large 
and vigorous cotyledons abounding in nutritive matter 
(e. g. beans) may, by vegetation in water alone, be got to 
flower nay, even actually to produce small seeds ; this 
developement, however, is mostly unattended by a per- 
ceptible increase of substance, but depends solely upon a 
mere transposition of the elements of the seed. 

Uutrition is a process by which food is assimilated ; a 
plant grows when its mass is augmented, and its mass 
is increased by absorbing materials from without, which 
are, from their nature, suited to become constituent 
elements of the body of the plant, and to sustain those 
functions upon which their assimilation depends. 

The biid on a potato-tuber stands iii the same relation 
to the constituents of the tuber as the germ in a corn- 
seed does to the farinaceous matter of the albumen. 
While the bud is developed in the formation of the 
young plant, the amylum and the nitrogenous and 
mineral constituents of the sap of the tuber are |auployed 
to form the young branches and leaves. A potato, 
which lay wrapt up in thick paper, in a box, in the 
Chemical Labcgatory at Giessen in a place absolutely 
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dark, dfy, and warm, where the atmosphere was seldom 
changed — was found to have produced, from each bud, 
a simple white shoot many f(#t long, showing no traces 
of leaves, but covered with hundreds of minute potatoes, 
which exhibited the same internal structure as tubers 
grown in a field; the cells consisted of cellulose, and 
were filled with minute starch granules. It is certain 
that the starch of the mother tuber, to have moved away 
from its position, must have become soluble ; but it is 
equally clear that in the developement of the shoots a 
cause was operative within them, which (in the absence 
of all outward causes whereon growth depends) recon- 
verted the dissolved constituents of the mother tuber 
into cellulose and starch granules. 

The conditions required for the germination of a seed 
are — moisture, a certain degree of heat, and access of 
air ; where one of these conditions is excluded, the seed 
will not germinate. By the influence of the moisture 
which the seed absorbs, and which causes it to swell, a 
chemical action takes place in it ; one of the nitrogenous 
constituents acts upon the others, and upon the amylum, 
so that by a transposition of the elementary particles, 
the constituents are rendered soluble ; the gluten is 
converted into vegetable albumen ; the amylum and oil 
into sugar. If the oxygen of the air is excluded, the 
changes either do not take place or they proceed in a 
difierent way. The seeds of land-plants, when submersed 
under water, or placed in a soil covered with stagnant 
water, which excludes the air, will not put forth their 
plumules. This is the cause why many seeds, lying deep 
in the ground or in bogs, will remain for many years 
without germinating, although the conditions of moisture 
imd temperature be favourable. It is often found that 
ear& taken up from bogs, or brought up by the plough 
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from the deep subsoil, and exposed to the atmosphere, 
becomes covered with vegetation, arising from seeds 
which, for their developement, require? free access of air. 
Lowness of temperature tends to annul or retard the 
influence of the air upon the process of germination; 
Avliilst increase of temperature, with a proper supply of 
moisture, accelerates the chemical changes in the seed. 
No seed germinates below 32® Fahrenheit; each ger- 
minates at a definite temperature, and therefore in fixed 
seasons of the year. The seeds of Yicia faha^ Phaseolus 
vulgarly and the poppy, lose the power of germinating 
when dried at 95® Fahrenheit; while barley, maize, 
lentil, hemp, and lettuce seed retain the power at that 
heat ; but wheat, rye, vetch, and cabbage seed will 
germinate even at 158® Fahrenheit. 

During germination, oxygen is taken up from the air 
around the seed, and an equal volume of carbonic acid k 
evolved. 

If seeds are set to , germinate in glasses, with a slip of 
litmus paper fastened on the inside, the paper is red- 
dened, often after a very short time, owing to the dis- 
engagement of acetic acid : the most abundant and rapid 
evolution of free acid was found to take place in the 
germination of cruciferous plants, cabbage, and rape- 
seed (Becquerel, Edwards). Certain it is that the fluid 
contents of the cells of the roots, as well as the sap of 
most plant^have an acid reaction, from the presence of a 
non-volatile acid ; the sap of the young spring shoots of 
the vine yields, upon evaporation, an abundant crystallisa- 
tion of bitartrate of potash. 

By the experiments of DecandoUe and Macaire, which 
have not yet been controverted, it was shown that vigorous 
plants of Chondrilla muralis and Phaseolus mlgaris ivhich 
had been taken from the ground, with their roots, afrd 
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were allowed to vegetate in water, imparted to the water, 
. after a week’s time, a yellowish tint, a smell like that of 
opium, and a hami taste: whereas when the root was 
cut off at the stalk and both were placed in water, no 
such ‘substances were given off as those which the entire 
plant had yielded. 

Lettuces and other plants, when taken out of the 
ground, and, with their roots previously washed clean, 
are allowed to vegetate in blue litmus tincture, will con- 
tinue to grow in the liquid, apparently at the expense of 
the constituents of the lower leaves, which wither away. 
After three or four days the litmus tincture assumes a red 
colour, which, however, disappears again upon boihng the 
fluid : this would seem to indicate that the roots had given 
off carbonic acid. If the plants are left longer in the 
litmus tincture, the latter suffers decomposition, and be- 
^ comes neutral and colourless, while the colouring matter, 
separating in flakes, gathers round the fibres of the 
roots. 

The developement of a plant depends upon its first 
radication, and the choice of proper seeds is therefore of 
the highest importance for the future plant. A crop of 
the same wheat, reaped in the same year, and from the 
same field, wiU exhibit differences in the size of the 
grains, some being larger, others smaller; and among 
both kinds, some when broken up will present a mealy, 
others a homy appearance, the one being mor^the others 
less completely developed. The cause is this — that the 
stalks in the same field do not all shoot into ear and 
flower at the same time, and that some of th^m produce 
seeds much^ more maturely than others : hence the seeds 
of the one are far more developed, even in unfavourable 
weather, than the seeds of the others. A mixture of 
seeds unequal in their developement, or differing in the 
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quantities of amylum, gluten, and inorganic matters which 
they severally contain, will produce a crop of plants as 
unequal in their developement as the original seeds from 
which they sprung. 

The strength and number of the roots and leaves formed 
in the process of germination are (as regards the non- 
nitrogenous constituents) in direct proportion to the 
amount of amylum in the original seed. A seed poor 
in amylum will, indeed, germinate in the same fashion as 
another seed abounding in it ; but by the time the former 
has succeeded, by the absorption of food from without, in 
producing roots and leaves as strong and numerous, the 
plant grown from the more amylaceous seed is again just 
as much more advanced in growth: its food-absorbing 
surface was larger from the beginning, and the growth of 
the young plant is in like proportion. 

Poor and sickly seeds will produce stunted plants, 
which again vdll yield se^ds bearing in a great measure 
tlie same character. 

The liorticulturist knows the natural relation which the 
condition of the seed bears to the production of a plant, 
which is to possess all or only some properties of the 
species : just as the cattle-breeder, who, with a view to pro- 
pagation and increase of stock, selects only the healthiest 
and best-formed animals for his purpose; the gardener 
is aware that the flat and shining seeds in the pod of a 
stock gilljf-flower will give tall plants with single flowers, 
while the shrivelled seeds will furnish low plants with 
double flowers throughout. ^ 

The influence of soil and climate gives rise to different 
varieties of plants, which, like races, are possessed of 
certain peculiarities, and are propagated by means of seed, 
as long as thq conditions remain the same. Fluted in 
another soil, or in a different climate, the new lirill 
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lose again some one or other of its distinguishing charac- 
teristics. 

The influence exerted by the condition of the soil in 
producing varieties of plants is observed most frequently 
with seeds that pass undigested through the intestinal 
canal of animals which have eaten them, and then receive 
a different manuring, according to the various nature of 
the excrements of divers animals with which they are 
returned to the soil: an instance is afforded by the 
Byrsonima verbascifolia (v. Martius). 

In the selection of seeds for planting, it is always 
important to take into account the soil and climate from 
which they have been derived. In England seed-wheat 
from a poor soil is considered particularly well suited to a 
rich soil ; rape-seed grown in colder regions or situations 
is sure to give a good crop in warmer localities. Clover 
seed and oats from mountainous districts are preferred to 
the same seeds from phiins. ^Vheat from Odessa and 
from South Hungary is esteemed in colder regions also. 
The planters on the Upper Ehine import their hemp -seed 
from Bologna and Ferrara. 

In like manner many German flax-growers, who wish 
to produce tall plants of uniform size, attach particular 
value to linseed from Courland and Livonia, where the 
soil and the nature of the climate, especially the short 
hot summer, bring the flowering and fruit time near 
together ; so that the flowers, being simultaneously and 
uniformly fructified, produce ripe and perfect seeds. 

Everyone knows how ipuch the weather, during the 
flowering period, influences the formation of seed. If, 
after the flowering has commenced, cold weather or rain 
sets in^retarding the full developement of the inflorescence, 
the flower fertilised at a later period pro^duce no seeds, 
as the nutriment needed by them is applied by the 
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flowers first fertilised for their own developement. It is 
a fact, that many plants will not repay the trouble of cul- 
tivation, if the climatic conditions are not sufficiently 
favourable to effect the thorough ripening of aU the 
flowers, but serve only to ripen part of them. 

With oats it often happens that in warm moist weather 
side-branches will spring from the axils of the leaves, 
when the principal culm is already shooting into ear; 
whence it happens, tliat at the end of the period of vegeta- 
tion the plant is found to bear both ripe and unripe seeds. 

The condition of the soil, as to porosity or compactness, 
influences the radication of plants. The fine filaments of 
the root, which are often coated with cork-like matter, 
are lengthened by the formation of new cells at their 
extremities, and they are obliged to exert a certain pres- 
sure, to force their way through the particles of earth. ^ 

The root-fibrils will always extend in that direction in 
wliich they encounter the least resistance ; and this 
lengthening necessarily presupposes that tlie pressure 
wlierewith the new-formed cells push aside the particles 
of earth, must be somewhat greater than the cohesion of 
the particles. The strength with which the root-fibres 
force their way through the soil, is not equally great in 
all plants. Those plants which have roots formed of 
very fine fibres, are but imperfectly developed in stiff, 
heavy soils, wherein other plants with thicker and stiffer 
root-fibres will grow luxuriantly. The very resistance 
which the heavy soil opposes to the spreading of the 
roots of such plants tends to strengthen their fibres. 

Of the cereals, wheat,^ with a comparatively feeble 
ramification of roots in the upper layers of the soil,' still 
forms the strongest roots, which often penetrate feveral 
feet down iiito the subsoil ; for a certain degree of com- 
pactness in the surfece soil is favourable to the develope- 
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ment of its roots. There are instances on record, where 
parts of a wheat-field had been trampled down in the 
winter by horses (by no means an uncommon occurrence 
in the foxhunting districts of England), so far as to de- 
stroy every trace of a wheat-plant, and yet next year’s 
crop turned out much more abundant on those very 
spots than in any other part of the field. It is evident 
that, to outlive an attack of this kind, a plant must have 
its principal roots spreading in the deeper layers of the 
soil. In the developement of its roots and the power 
of penetrating the deeper layers of the soil, the oat- 
plant stands next to wheat, and will flourish in a 
somewhat stiff soil ; but as in the superficial layers 
also the roots of oats throw out a number of fine 
feeders, in a lateral direction, it is necessary that the top- 
sofi should be rather light and open. A light, open 
loam, even if of no great depth, is particularly suited for 
barley, which forms a network of fine comparatively 
short root-fibres. Peas require a loose soil, with little 
cohesion about it, which will favour tlie spreading of the 
soft root-fibres in the deeper layers also ; whereas the 
strong woody roots of the horse-bean will ramify in all 
directions, even in a heavy and more compact soil. 
Clover, grass-seeds, and small-sized seeds in general, put 
forth at first feeble roots of small extent, and require so 
much the greater care in preparing the soil, in order to 
ensure their healthy growth. The pressure of a layer 
of earth half to one inch thick suffices to prevent the 
developement of the seed sown in the ground. Such 
seeds require only just as much earth to cover them as 
will retain the needful moisture for germination. It is, 
therefpre, found advantageous to sow clover together 
with corn of some kind ; for as the com i^ earlier and 
quicker in growth, its leaves shade the young clover 
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plant, and protect it from the too intense action of the 
sun’s rays ; thus affording more time for the extension 
and developement of tlie roots. The nature of the roots* 
of rapes, turnips, and tuberous plants, clearly points out 
the part of the soil from which they draw their chief 
supply of food. Potatoes are formed in the topmost 
layer of the soil ; whereas the roots of beets and turnips, 
sending their ramifications deep into tlie subsoil, will 
sucx'ced best in a loose soil of great depth. Still, they 
will also grow well in soil naturally lieavy and compact, 
Avliich has been j)roperly prepared for their reception. 
Among turnips, the Swedish variety is distinguished by 
the numerous fibres which the root-stock sends into tlie 
ground; and mangelwurzel, witli its strong and rather 
woody root fibres, is still better suited than Swedes for 
a heavy clay soil. 

On the length of roots but few observations have been 
made. In some cases it has been found tliat lucerne will 
grow roots thirtj^ feet, rape above five feet, clover above 
six feet, lupine above seven feet in length. 

A proper knowledge of the radication of plants is the 
groundwork of agriculture ; all the operations which the 
farmer applies to his land must be adapted to the nature 
and conditions of the roots of the plants which he wishes 
to cultivate. On the root he should bestow his whole 
care ; upon that which grows from it he can no longer 
exert any influence; therefore, to secure a favourable 
result to his labours, he should prepare the ground in a 
proper manner for the developement and action of the 
roots. The root is not merely the organ through which 
the growing plant takes up the incombustible elements of 
food required for its increase, but it may, in pother 


* Whenever the term ‘ root ’ is used in this work, the underground 
organs of plants are meant. 
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not less important function, be compared to the flywheel 
in an engine, which gives regularity -and uniformity to 
the working. It is in the root that the material is stored 
up to supply the growing plant with the needful elements 
for conducting the processes of life, acoerding to the 
requirements made upon it by the action of light and heat. 

All plants which give landscapes their, peculiar cha- 
racter, and clothe the plains and mountain slopes with 
perennial green, have an underground developement, 
according to the geSlogical or physical condition of the 
soil, admirably adapted to their perennial existence and 
propagation. 

Whilst annuals are propagated and multiplied by seeds 
alone, and have always a true root easily known by its 
simplicity of structure, by the absence of buds, and by 
the* comparatively short range of its fibres, the turf and 
meadow plants are propagated by shoots and runners of 
a peculiar nature, and in many of them propagation is 
independent of the formation of seed. 

As the strawberry, which will in a very short time 
cover extensive tracts of ground, sends forth from the 
stock above the root-bulb shoots in the shape of run- 
ners, which creeping along the ground, and producing 
here and there buds and roots, grow up as independent 
plants, so the perennial weeds, among which are here 
included the meadow and pasture plants, spread in a simi- 
lar manner by corresponding underground organs. The 
creeping roots of the couch-grass [Triticum repens)^ the 
sea lyme-grass {Elymtis arenarius\ the trefoil (Trifolimn 
pratense\ the common toad-flax {Linaria vulgaris), pro- 
pagate their plants by suckers in all directions from the 
mother-plant. The smooth-stalked meadow-grass {Poa 
pratensis) is propagated by a mother-stock, consisting of 
true roots, rooted runners, and creeping suckers.; rye 
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grass {Lolium) puts forth root-suckers in a stiff soil, and 
prostrate stolons in loose ground. CatVtail grass (Phleuw) 
is found sometimes with bulbous, sometimes with fibrous 
many-headed roots, having a tendency to creep and to 
form mother-stocks. Timothy-grass grows stalk in the 
first year ; in the second, it forms sometmies bulbous, 
sometimes fibrous many-headed mother-stocks, which send 
forth creepers in all directions. In the same Avay, 
meadow-grass spreads partly by budding suckers, partly 
by stolons. 

On comparing the vital processes in annual, biennial, 
and perennial plants, we find that the organic work in 
perennials is principally directed to the formation of the 
root. 

The seed of asparagus sown during autumn, in a fertile 
soil, will produce next year, from spring to the end of 
July, a plant about a foot high, the stem, twigs, and 
leaves of which from that time forward show no further 
increase. The tobacco plant, which is an annual, would 
from the same period to the end of August have j)ro- 
duced a stem several feet high, covered with numerous 
broad leaves ; and the turnip a broad crown of foliage. 

But the cessation in the growth of the asparagus plant 
is only apparent ; for from the moment that the external 
organs of nutrition are developed, tlie root increases in 
extent and substance in far greater proportion to the over- 
ground organs than is the case with the tobacco plant. 
The food which the leaves have absorbed from the air and 
the roots from the soil, having first been transformed 
into organisable matter, descends to the roots, in which 
there is gradually collected a sufficient store to enable 
the latter to furnish in the following year from themselves 
and without the least supply of food from the atmosphere 
the material required for the production of a new perfect 
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plant, with a stem half as high again and a much greater 
number of twigs and leaves. The organic labour of tliis 
new plant, during the second year, results in the genera- 
tion again of products which are deposited in the root, 
and, proportionately to the greater extent of the organs of 
nutrition, are stored up in much greater quantity than 
the roots had originally supplied. 

The same process. is repeated in the third and fourth 
years ; in the fifth and sixth years the store deposited in 
the roots lias become sufliciently rich to produce in sjiring, 
when the weather is warm, three, four, and more stems as 
thick as a finger, with numerous branches covered with 
leaves. 

A comparative examination of the green asparagus 
plant, and of its withering stems in autumn, seems to 
indicate that at the end of the period of vegetation tlie 
remainder of the dissolved or soluble substances fit for 
future use, then still remaining in the overground organs, 
descend to the root. Tlie green parts of the plant are 
comparatively rich in nitrogen, alkalis, and phosphates, 
whilst in the withered stems these substances are found 
in small quantities only. The seeds alone retain compa- 
ratively large proportions of phosphated earth and alkalis, 
being nothing else tlian the excess of those substances 
which the roots do not require for the next year. 

The underground organs of perennial plants are the 
economic gatherers of all the viUil conditions necessary 
for certain functions. If the soil will allow, they always 
collect more than they give out ; they never vspeiid all 
they receive. These plants form their flowers and seeds 
when the roots have collected a certain excess of phos- 
phates, which may be given up without endangering the 
existence of the plant.* An abundant supply of nourisli- 
ment, by means of manuring, will accelerate the develope- 
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meut of the plant in one or another direction. Manuring 
a sward with aslies 'will draw from it clover plants ; if 
acid phosphate of lime is employed, French lye-grass will 
spring up in thickly serried blades. 

In all perennial plants, the underground organs are 
usually very much greater in mass and extent than those 
of annual plants. Whilst the rpots of the latter die every 
year, the former preserve theirs in a #tate of readiness to 
absorb food at every favourable opportunity. 

The circle from which a perennial plant draws its food 
enlarges from year to year ; if one part of its roots finds 
little nourishment in a given spot, other parts dra\v their 
supply from other spots richer in the food required. 

Only a very small portion of the plants of a tluckly 
covered meadow will produce stems ; the fiir greater part 
will develope only tufts of leaves ; and many will for years 
be confined to the production of underground suckers. 

For perennial grass and meadow plants, the production 
of underground suckers is of the highest importance, 
since by them the plant is furnished with nutriment at a 
time when a saircity of supply would endanger the life of 
annual plants. 

A good soil, and all other conditions of vegehible life, 
will of course exert the same favourable influence upon 
perennial as on annual plants ; but the developement of 
the former is not so much dependent upon accidental and 
passing states of the weather, as is the case with the 
latter. Unfavourable conditions will, indeed, check the 
growth of a pereimial plant, but only for a time, until a 
favourable change ensues, when the plant wiU resume 
growing ; whereas an annual plant, under the same 
circumstances, reaches the limits of its existence and dies. 

The permanence of vegetation on our meadows, and 
the certainty of their produce under varying conditions of 
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soil and weather, must be attributed to the great number 
of plants which are able to continue for a shorter or 
longer period at a low stage of developement. While the 
one species of plants is developed above ground, producing 
flowers and seeds, a second and third species gatlier 
below the surface the conditions for a similar future 
growth. The one vegetation seems to disappear, to make 
room for another and a third, until for itself too the con- 
ditions for a perfect developement recur. 

The woody plants grow and are developed in a manner 
quite similar to the asparagus plant, with this difference, 
however, that they do not lose tlieir stem when tlic 
period of their vegetation comes to an end. An oak- 
sapling, foot high, was found to have a root above 
3 feet long. The stem and tlie root serve jointly as a 
magazine for storing up the organisable matter to be 
used next year in restoring all the external organs of 
nutrition. When the stems of lime trees, alders, or 
willows have been cut down, tliey will, if lying in shady 
moist places, shoot out afresh, often after the lapse of 
years, and produce numerous twigs a foot long or more, 
covered with leaves. 

The pauses which occur in the seed-bearing, of forest 
trees are similar to those which are observed in most 
perennial plants, which, wlien growing on a poor soil, will 
also take several years to collect the conditions necessaiy 
for the production of fruit (Scndtner, Eatzeburg). 

The loss of inorganic food-constituents, which the 
foliaceous trees suffer by the fall of the leaves, is trifling. 
Wlien the leaves have attained their full formation, the 
cells of the bark receive a copious supply of aniylum, 
which substance completely disappears from the cells in 
the boss of the leaf-stalk (H. Mohl). Even long before 
the fall of the leaves, their sap is considerably diminished, 
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while the bark of the branches is, just at that time, often 
actually overflowing with sap (II. Moiil). In accorclaiice 
with this fact, the analysis of the ash of the leaves shows 
that the amount of alkali and phosphoric acid in them 
decreases immediately before the fall ; the fallen leaves 
contain such trifling quantities of these constituents, in 
comparison to their mass, that it is diflicult to account 
for the injurious consequences arising from the raking 
up and removal of tlie fallen leaves in woods. (See 
Appendix A.) 

A similar reflux of the assimilative products appears to 
take place in the grasses ; when Irom the intense heat of 
summer the leava^s begin to decay, clieinical analysis 
reveals in the yellow leaves scarcc'ly any traces of nitrogen, 
pliospliates, and alkalis; and, indeed, animals instinctively 
turn from all kinds of fallen leaves, and refuse to feed on 
them. 

In annuals and biennials the organic action results in 
the production of fruit and seed, after wliich the Jictivity 
of the root comes to an end ; in perenniids, tin? jxrodiict ion 
of se(.*d is rather an accidental condition of tlieir permanent 
existence. 


The biennial can bestow more time than the annual in 
gathering the material necessary for the ])rodu(Tion of 
seed and fruit, which closes the period of its existence ; 
but the time in which this takes jxlace depends upon the 
state of the weather and the nature of the soil. 

The annual is uniformly developed in all its parts ; the 
food daily taken up is expended in increasing the over- 
ground and underground organs, which meanwhile take 
up a larger amount of food in proportion to the increase 
of their absorbent surface. With the growth of the 
plant, the conditions of increase inherent in the plant 

c 
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itself become enlarged, and exert their influence in pro- 
portion as the external conditions are favourable. 

The developement of the biennial plants cultivated for 
their roots has three distinct periods ; in the first period 
the leaves principally are formed; in the second, the 
roots, in which are stored the substances needed to pro- 
duce the flower and fruit during the third period, 

A series of experiments, made by Anderson, upon 
turnips, aflbrds a clear view of the several directions in 
winch the energy of a biennial plant tends at diflerent 
periods of its growth. (‘ Journal of Agriculture and 
Transactions of the Highland Society,’ No. 68, 69, new 
series, 5.) 

These experiments were made to ascertain the total 
produce of vegetable substances obtained from turnips on 
one acre of ground. The turnips were gathered at four 
different stages of growth ; the first on July 7, the 
second, on August 11, the third, on September 1, and 
the fourth, on October 5. The following table shows the 
weight of leaves and roots in pounds, taken up at the end 
of the respective stages, and calculated upon one acre of 
ground. 


Weight of leaves Weight of roots 


I. 

Harvest after 32 days . 

. 219 pounds 

7*2 pounds 

II. 

» ,, 

. 12,793 „ 

2,762 „ 

III. 

00 

• 

. 19,200 „ 

14,400 „■ 

IV. 

„ 122 ,, 

. 11,208 „ 

36,792 „ 


The relative quantities of leaves and roots show that in 
the first half of the time of vegetation, sixty-seven days, 
the organic labour in the turnip plant is principally 
directed to the production and developement of the ex- 
ternal organs. 

From the 7 th July to the 11th August, a period of 
thirty-five days, we find the increase to be 12,574 pounds 
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in the leaves, and 2,755 pounds in the roots, which gives 
a daily increase of 

Leaves Roots 

359 pounds | 78 pounds 

In this stage, accordingly, the production of leaves 
prevailed over that of roots to this extent, that out of 
eleven parts of food absorbed by the plants, nine parts 
went to the leaves and only two parts to the roots. * 

We find a very different proportion in tlie third stage ; 
for during twenty days the weight of tlie leaves has 
increased by 6,507 pounds, that of the roots by 11,638 
pounds, which gives a daily increase of 

Leaves Hoots 

325 pounds j 582 pounds 

Dining tliis third stage the plants take up daily somewliat 
more tlian double the amount of food taken u}) on any 
given day of the second stage, and this increase must 
stand in proportion to the daily enlargement of the surface 
of the roots and leaves ; but the food absorlxjd is dis- 
tributed in the plant in a very different manner. Of 
twenty-five parts by weight of food absorbed and as- 
similated, nine parts only remain in the leaves, the other 
sixteen parts serve to increase the mass of roots. 

In exactly the same ratio as the leaves approached the 
limits of their developement, they lost the power of ap- 
plying to their further growth the food which they had 
absorbed, and which now transformed into organisable 
matter was deposited in the roots. The same nutritive 
particles which went to form leaves, so long as the mass 
of foliage kept on increasing, now became constituent 
portions of the root. 

This migration of the constituents of the leaves and 
transformation ipto constituents of the root appear to be 
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most clearly shown in the fourth stage. The total weight 
of leaves, which on the 1st September still amounted to 
19,200 pounds, had by the 5th October, or within the 
space of thirty-five days, decreased by 7,992 pounds, that 
is 228 pounds a day ; in other words, out of every thirty- 
four leaves ten had withered, while the roots had in- 
creased by 22,392 pounds, or 640 pounds a day — a daily 
increase much more considerable than during the third 
sta^. 

It is evident that with the advance of autumn, with the 
lower temperature and diminished action of sunlight, the 
organic energy of the leaves decreased, and more than a 
third of the organisable matter collected in them de-. 
scended to the roots, to be stored up for future use. 

If we compare the quantities of nitrogen, phosphoric 
acid, potash, common salt, and sulphuric acid, absorbed 
during the last ninety days by the turnips growing on 
one acre of ground, we find from Anderson’s experiments 
that the daily amount was as follows ; — 


Absorbed by the entire plant in a day. 


Total increase 

Second stage 

Third stage 

Fourth stage 

In substance .... 
Nitrogen .... 

Phosphoric acid 

Potash 

Sulphuric acid 

Salt 

_ 

437 
' 1*16 
0*924 
1*41 

1*12 

0*84 

907 

0*695 

1*10 

4*04 

1*57 

1*98 

Founds 

417 

1*21 

1*25 

8*07 

1*52 

111 


Daily increase of roots in the fourth stage of growth. 



Phosphoric acid 

Potash 

Sulphuric add 

Sait 

Supplied by the soil 

■H 

3*07 

■|M| 

1*10 

„ leaves 


1*56 


0*53 

% 

1-66 

4*63 

2-03 

1*63 
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These figures show that the quantity of phosphoric acid 
taken up daily by the turnip plants growing on one acre 
of ground increases firom the commencement of the 
second to the end of the fourth .stage of growth, that is 
in ninety days from 0*924 to 1*25 pound a-day, which 
reckoned fix)m one day to another makes the trifling 
diflerence of 0*0037 pound a-day. 

Anderson suspects that his estimate of the nitrogen in 
the leaves during the third stage was not quite correct, 
and that it fell below the actual amount. If we add 
together the quantities of nitrogen absorbed in the last 
two stages, fifty-five days, we find a daily average of 1*02 
pound of nitrogen, which is very nearly the same as in 
the preceding stage of growth. 

The quantity of potash increased from the 11th August 
tiU the 1st September, in a somewhat higher ratio than 
the amount of vegetable substance produced. From the 
1st September till the 5th October the increase of the 
roots was nearly double what it had been in the preceding 
stage, but this is explained by the migration of the potash 
compounds from the leaves to the roots. It is evident 
that the increase of potash has a. certain connection with 
the formation of sugar and the other non-nitrogenous 
constituents of the roots, but no definite proportion can 
be established between 4hem. The absorption of sul- 
phuric acid increased uniformly in the three last stages ; 
that of salt was a httle greater in the third than in ‘the 
second and fourth stages. 

Without wishing to indicate the exact part performed- 
in the process of vegetation by these various mineral 
substances, as also by lime, magnesia, and iron, we remark 
that, except in the case of potash, the absorption of them 
was evidently uniform from day to day, yet showing every 
day a trifling increase corresponding to the daily increase 
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of the food-absorbent surface up to the fourth stage of 
growth. 

The smallest increase was seen in phosphoric acid and 
nitrogen, both equally necessary for the formative pro- 
cesses going on in the turnip plant ; and it is manifest 
that they must have served to bring into operation some 
more powerful agency, whose effects are revealed in the 
production and augmentation of the non-nitrogenous 
constituents. 

If we take the quantity of mineral substances absorbed 
as the measure of their importance for the organic opera- 
tions going forward in the plant, we must assign to sul- 
phuric acid and common salt an influence equal to that 
of any of the others. 

Looking at the quantities of mineral constituents 
severally taken up by the different parts of the plant in 
tlie various stages of growth, we observe the greatest 
disparities. In the second stage, a quantity of potash, 
amounting in the aggregate to 49*29 pounds, was absorbed 
in 35 days ; and of this, the roots were found to contain 
8*02 pounds, equal to one-sixth — the leaves 41*27 pounds, 
equal to five-sixths. The same proportion — naniely, 
about five to one —was found to exist between the weight 
of the leaves produced, and that of the roots. 

* In the third stage, the weight of the roots produced 
exceeded that of the leaves; and of the 80 pounds of 
potash absorbed by the plants, 34 pounds, or more than 
one-third, remained in the roots. The same was found to 
be the case with phosphoric acid, and the other mineral 
constituents ; that is to say, they were found distributed - 
in varying proportions, corresponding to the growth and 
increase of the mass of the overground and underground 
organs of the turnip plants, which, in the various stages, 
are likewise not uniform. 
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If we regard the mere increase of the leaves and roots 

in mineral substances, without reference to the total 

amount of them absorbed by the entire plant, it appears 

to be most irregular, and to proceed by ‘ fits and starts.’ 

The plant receives every day nearly the same quantity of 

phosphoric acid, nitrogen, salt, and sulphuric acid, which 

are distributed in the several parts of the plant, leaves, 

or roots, where they are required for use. The chief 

difference observable is in the increase of potash, which 

in the third stage is out of all proportion •greater than 

that of the other mineral constituents. 

<* 

It is highly probable that fi'om the raw material ~ i. e. 
the carbonic acid, water, ammonia, pliosplioric acid, 
sulphuric acid, with the cooperation of the alkalis, earths, 
&c. — the chemical process engenders in the plant simply 
a nitrogenous and sulphureous, substance, belonging to the 
albumen group, and only one non-nitrogenous substance, 
belonging to the group of hydro-carbons. The former 
retains its character during the period of vegetation; 
while the non-nitrogenous substance is converted into a 
tasteless, gum-like body, or into cellulose, or sugar — 
becoming a constituent of the leaves or of the roots, 
according as the organic energy preponderates in the 
overground or underground organs. 

If there is a relation between the phosphoric acid and 
the production of the nitrogenous constituents, the soil 
must contain, in its parts, definite proportions of both ’ 
substances ; and for the cultivation of turnips, the upper 
layers must necessarily be much richer in phosphates 
than the lower. For in the first half of the period of 
vegetation, the branching of the roots is much less 
extensive than at a later period, and the root is in contact 
with a much smaller bulk of earth than afterwards ; 
hence, if the root is to draw from this smaller bulk the , 
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same amount of nourishment as from the larger, the 
former must contain more of it, in proportion as the 
absorbent root-surface is smaller. 

The ash of all plants in whose organism large quantities 
of amylum, gum, and sugar are produced, is distinguished 
from the ash of other plants by the preponderance of 
potash ; now, if the potash in the sap of the turnip plant 
formed a necessary agent in the formation of sugar and 
the other non-nitrogenous constituents, the quantity of 
that mineral* matter absorbed in the third and fourth 
stages of growth is easily explained — because the forma- 
tion^ of the non-nitrogenous constituents of the root was 
more active in these than in the former stages. 

That the production -of the combustible constituents — 
the conversion of the carbonic acid and ammonia into 
uon-nitrogeuoiis and azotised substances — stands in a 
definite relation of dependence to the incombustible 
matter found in the ash, is an opinion which no longer 
requires special proof to support it. But the dependence 
is mutual. To say that the reason why the azotised or 
non-nitrogenous products are formed in large proportion 
is because the plant has taken up more phosphoric acid 
or potash, is just as correct as to assert that the plant 
takes up more phosphoric acid or potash because the 
other conditions required' for the production of azotised 
or non-nitrogenous substances are found combined in its 
organism. 

To enable a plant to attain its maximum of growth, 
the soil must at all times yield, in an available form, the 
whole quantity of each of its constituents ; and, on the 
other hand, the cosmic conditions — heat, moisture, and 
sunlight — must cooperate to transmute the absorbed 
substances into the organs of the plant. If the substances 
that have passed from the soil into the plant cannot be 
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turned to account, from the want of this cooperation, no 
fresh substances are absorbed ; in unfavourable weather, 
the plant does not grow. No more does it grow, even 
though the outward conditions are favourable, if the soil 
contains no proper nourishment. 

In the second half of the period of developement, the 
roots of the turnip plant, having penetrated through the 
arable surface deep into the subsoil, absorb more potash 
than in the preceding stage. If we suppose that the 
absorbing spongioles of the root reach a stratum of soil 
poorer in potash than the upper layer, or not sufficiently 
rich in that material to yield a daily supply cornmens^te 
with the requirements of the plant, at first, indeed, the 
plant may .appear to grow luxuriantly ; yet the prospect 
of an abundant cr^p will be small, if the supply of the 
raw material is constantly decreasing, instead of enlarging 
with the increased size of the organs. 

In the economy of the turnip, the root receives during 
the last month of vegetation nearly one-half of all the 
movable constituents of the leaves ; and this constitutes, 
after the completion of its first year's period of vegetation, 
a store of organisable matter for future use. m 

During the spring of the following year tlie root begins 
to shoot, putting forth a slight leafy top, and a flower- 
stalk several feet high; with the developement and 
maturing of the seed, the plant dies. The chief bulk of 
the food stored up in the root is applied, in the second 
year or third period, in quite a difiereut direction ; 
though, 'beyond the mere supply of water, the soil seems 
to take no part in this new act of life. 

All monocarpous plants — that is, aU plants which 
flower and produce • seed but once — present, like the 
turnip plant, distinct periods of life, as regards the direc- 
tion of organic activity in them. In the first, the plant 
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produces the organisable matter required in the succeed- 
ing period ; in the latter, that which is required for the 
final functions of life. But these materials are not always 
stored up in tlie root, as is the case in the turnip ; in 
the sago-palm they fill the stem ; in the aloe {Agave) they 
collect in the thick fleshy leaves. 

The production of seed is, with many of these plants, 
much less dependent upon any fixed period of time, than 
upon the store of organisable matter collected in them in 
the time preceding. Favourable climatic conditions or 
propitious weather wiU hasten, while unfavourable cosmic 
coj^itions will retard, its production. 

The so-called summer-plants are monocarps which are 
able to gather in a few months the conditions required for 
the production of seed. The oat-plant gi’ows to maturity 
and bears ripe seed in ninety days ; the turnip-rape only 
in the second year of its existence ; the sago-palm in 
sixteen to eighteen years; the aloe in thirty to forty, 
often not till 100 years. (See Appendix B.) 

In many perennial plants, the outer part dies every 
year, while the root lives on. In the monocarpous plants, 
the root (^s with the production of the seed. Li these, 
the produmOn of seed is an indispensable^ in the peren- 
nial plants more of an accidental^ condition of Continued 
existence. 

The economy of plants is regulated by laws which 
manifest their operation in the peculiar faculty of certain 
organs to store up food for future use ; so that all the 
external causes which seem to hinder their developement, 
actually contribute in the end to insure their continued 
existence, i. e. their propagation. 

The contents of the roots in perennial grasses and 
asparagus, may, in the different periods of the life of these 
plants, be compared to the farinaceous body or albumen in 
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the grain of cereals ; with this difference, however, that 
the skin does not become empty, as is the case with the 
latter on germination, but is always re-filled and keeps 
increasing in size. The perennial plant always receives 
more than it expends; whereas the monocarpous plant 
spends its whole store in forming fruit. 

The fact that the roots of the turnip, in autumn, grow 
at the cost of the constituents of tlie leaves, readily 
explains the influence which the removal of leaves will 
exercise upon the crop at different stages of growth. 
The removal of a few leaves in August makes no great 
difference to the root, while the removal of leaves at the 
end of September causes the greatest damage to the root- 
crop. Metzler, who made very accurate comparative ex- 
periments upon this point, found that an early cutting of 
the leaves reduced the turnip crop by 7 per cent, only, 
while a late, or a second cutting, reduced it by as much as 
36 per cent. 

If, in the first year, instead of the turnips being removed 
from the field at harvest, the tops were merely cut off and 
the roots were left and ploughed in, the field would, on 
the whole, sustain a loss of soil constituents ; stj^l the roots 
in the soil would retain the greater portion of them. A 
very different relation would arise, if at the end of the 
second year of vegetation the turnip tops were cut off, and 
the stem were removed together with the seed. For, at 
the end of the first year, the root would still retain the 
far larger portion of the azotised and also of the incom- 
bustible constituents, wliich would thus be left in the’ soil ; 
but in the second year these materials would be carried 
into the overground part of the plant, and there be used 
for the production of the stem and the seed ; hence, the 
removal of the latter would of course make the soil poorer, 
even though the roots were now left iff it. Before the 
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shooting and flowering, the root was rich in soil con- 
stituents ; after the production of seed, its store of them is 
exhausted. If the plant is cut off* and the root left in the 
ground, before flowering, the soil retains the far greater 
portion of the nutritive matter which it had given to the 
plant ; on the contrary, after flowering and the production 
of seed, the root retains only a small residue of these con- 
stituents, and the soil is correspondingly exhausted of 
them. 

As it is with the turnip, so is it with culmrferous plants. 
If they are cut off* before flowering, a considerable portion 
of ^e nutritive substances stored up in them remains in 
the root, which the soil of course loses, if the overground 
plant is removed after the ripening of the seed. 

The experience derived from the cultivation of tobacco 
gives a clear view of the processes in the developement of 
an annual leafy plant. 

In the tobacco plant the overground and the under- 
ground parts grow with perfect equaUty ; the root gains 
in extent, in the same proportion as the stem lengthens 
and the leaves increase in number and size. There is no 
appearance^ of sudden changes in the direction of organic 
activity, no shooting, but the phases of life in the plant 
follow in steady continuous progression. Even while the 
top of the stem bears ripe seeds, and the lower leaves 
have withered, the side shoots of the plant are often still 
putting forth flower-buds, the seeds of which will ripen at 
a much later period. 

The tobacco plant is remarkable for producing in its 
organism two nitrogenous compounds, of which the one, 
nicotine, contains neither sulphur nor oxygen ; while the 
other, albumen, is identical with the sulphureous and 
oxygenised constituents of the cereals and other alimen- 
tary plants. 
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The commercial value of tobacco leaves is in an inverse 
ratio to the amount of albumen which they contain, that 
sort of tobacco being most highly esteemed by smokers 
which contains the least albumen ; for the latter ingredient, 
in the burning of the dry leaves, emits on carbonisation a 
most disagreeable smell of burnt horn shavings. The 
leaves rich in albumen contain, as a rule, more nicotine 
than those which are poor in albumen ; they give the 
strongest kinds of tobacco, many of which cannot be 
smoked unmixed. 

The tobacco leaves cultivated in France and Germany 
are manufactured either into smoking tobacco, or into 
snuff. For the fabrication of snufl', leaves which are ricli 
in albumen and nicotine are prefei*red to those containing 
a smaller amount of those ingredients. The leaves in- 
tended for snuff are, either when still entire or after being 
ground to powder, subjected to a kind of fermentation, 
which takes place pretty speedily, with evolution of heat, 
if they are kept moistened with water. From the putre- 
faction of the albumen there arises a considerable quantity 
of ammonia, which is a principal ingredient of German 
snuff, and is also occasionally increased by the manufac- 
turers, by moistening with carbonate of ammonia or caustic 
ammonia, to suit the taste of consumers. 

The leaves intended for smoking are also improved in 
quality by a slight process of fermentation, which serves 
to diminish the quantity of albumen in them. 

These preliminary remarks will help to explain the 
different methods of cultivating .tobacco. 

The size of the leaf in length and breadth, its light or 
dark colour, the height of the stem, the amount of pro- 
duce, and the greater or less proportion of albumen and 
nicotine, all depend very essentially upon the manuring of 
the plant. 
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* The plant succeeds best, in Europe, on light, sandy, 
'humose, loamy, or marly soils. The strongest kinds, 
richest in albumen and nicotine, are grown on virgin land, 
and on heavy clay soil manured with bone-dust, shavings 
and clippings of horns and claws, blood, bristles, human 
excrements, oilcake, and liquid manure. 

In Havannah, tobacco is grown on virgin soil, on 
cleared forest lands, which are often burnt first, as is done 
in Virginia, The best qualities (the poorest in albumen) 
are yielded in the third year of cultivation. 

From this it would appear, that animal manure 
abounding in nitrogen (ammonia) favours the pi-oduction 
of nitrogenous constituents ; but the soil, on the other 
hand, which is poor in ammonia, and probably contains 
the nitrogen in the form of nitric acid, produces leaves 
containing much less albumen and ’nicotine. 

The eflect of removing the tobacco plant from the 
rearing beds to the field is very striking. Transplanted 
into the new soil, the young tobacco plant proceeds in 
the first instance, like seed in the process of germination, 
to produce roots; the leaves already formed wither on 
transplantation, and their movable constituents, together 
widi the store of organisable matter collected in the 
roots, are apphed to the production of numerous branch 
r^adicles. A second transplantation has a still more 
favourable effect upon the undergi'ound organs of absorp- 
tion. 

As the direction of the organic operations in summer- 
plants is entirely turned to the formation of seed, and as 
this consumes the materials which give activity to the 
roots and leaves, the tobacco planter breaks out, when 
the plant has put forth six to ten leaves, the heart of the 
middle stem, on which the flowers and seed capsules 
grow. Stripped thus of the c^’own, the whole vigour of the 
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plant is now directed to the buds between the leaves and 
stem, and these put forth side-shoots which are treated 
like the principal stem, that is to say, they are either 
broken away, or simply cracked by twisting. Thus the 
leaves retain the organisable matter subsequently produced, 
and increase in mass and size, while the amount of water 
ill them diminis^s. By the middle of September, the 
leaves lose their green colour and are spotted with yellow 
blotches, imparting a marbled look ; they become parch- 
ment-like, feel dry to the touch, get flaccid, with the 
ends drooping to the ground, and, wlien arrived at full 
maturity, are viscous, clammy, and readily come ofi* 
the stem. 

This, treatment is variously modified, according to the 
several varieties of tobacco, and the diflerent countries in 
which it is grown. The so-called common English 
tobacco, which is particularly rich in nicotine, is often 
allowed by planters to run to seed, in order to eflect a 
separation of the nitrogenous constituents, the albumen 
forsaking the leaves and lodging in the seed. 

In the young shoots, buds, and generally in all parts in 
which the production of cells is most actively carried on, 
the sulphureous and nitrogenous constituents (albumen) 
accumulate, and thus the younger leaves are always 
richer in these substances than the older. The leaves 
nearest the ground (sand-leaves) give a milder, the upper 
leaves a stronger, tobacco. In those varieties which are 
not particularly rich in nicotine and albumen, the sand- 
leaves are of much less value than the upper leaves. 
A mild tobacco always means a tobacco poor in narcotic 
constituents. 

The course pursued by the European tobacco planter, 
who lays a superabundance of animal manure upon his 
fields, is the exact reverse of that adopted by the 
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American planter, who cultivates his plants upon a field 
that has never been manured. The one seeks to reduce 
or dilute the narcotic, sulphureous, and nitrogenous con- 
stituents of the leaves; the other to concentrate them. 
Accordingly;, the American planter breaks the lower leaves 
in their full vigour, when the plant has attained to half- 
growth ; the European planter attache|^he greatest value 
to the fully-developed upper leaves. 

As the tobacco plant, like all annuals, only yields up 
its whole store of organisable matter at the ripening of 
the seeds, the stem does not die after the loss of the 
leaves ; but the materials still remaining in it and in the 
roots cause the stem to send forth fresh shoots, and fre- 
quently even leaves, though small-sized ones. .In the 
West Indies, Maryland, and Virginia, before the gathering 
of the leaves, the stems are notched immediately above 
the ground, so that they lean over without being severed 
from the root. In vrarm weather, the water in the leaves 
evaporates, and a motion of the sap ensues from the stems 
and roots towards the leaves, in which the sap is thus 
concentrated as the plant withers. The tobacco planters 
on the Ehine have found that a superior tobacco, poorer 
in albumen and nicotine, is produced if, instead of breaking 
the leaves off in the field, the plant with the leaves on it 
is cut down just above the ground, and hung up to dry 
with the top downwards. The stem will, under these 
circumstances, continue to vegetate for a time, sending 
forth small shoots which gradually turn in an upward 
direction and put forth flower-buds. In these flower-buds 
the sulphureous and nitrogenous constituents are collected 
from the leaves, which lose these ingredients in the same 
proportion, and are thereby improved in quality. 

Of the plants cultivated for the sake of their seed, 
wheat holds the chief place. 



MODE OF GROWTH OP WINTER WHEAT. ^ 

Winter wheat is in its developement extremely like a 
biennial plant In the biennial turnip we see that with 
the first leaves a corresponding number of root-fibres are 
produced; and that after the formation of the leaf-top, 
the root begins to expand greatly in size and extent, 

« immediately after which the flower and seed-stalk shoots 
forth. 

Very soon after winter-wheat is sown, the young plant 
puts forth the first leaves, which in the course of winter 
and the early months of spring increase to a tuft ; to all 
appearance the vegetation of the plant seems to cease for 
weelM and months. When warm weather conies, the 
plant puts forth a soft stem, several feet high, furnislied 
with leaves, and bearing at the top an ear set with flower- 
buds in which, after flowering, the seeds are formed. As 
the seed is developed, the leaves from the bottom upwards 
turn yellow, and die with the stem as the seed ripens. 

It cannot be doubted that while the growth of the 
plant appears to have ceased before the time of shooting, 
the oveiwand underground organs are in constant activity ; 
food is incessantly absorbed, which, however, is but par- 
tially employed to increase the mass of leaves, but not 
to form the stem. There is, therefore, eveiy reason to 
believe that the far larger portion of the organisable 
mattei; produced in the leaves during this period goes to 
the roots, and that to store is afterwards applied to the 
formation of the stalk. On the approach of warmer 
weather all the operations of life in cereal plants are 
quickened, and the quantity of food daily absorbed and 
worked up increases with the extent of the absorbing and 
elaborating organs. In spring many of the older leaves 
and of the root-fibres die in the portions of the soil 
exhausted by them ; the root-tops send forth new buds, 
and with every new bud new rootlets, until the stalk- 

D 
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joints have attained a certain length. From this time 
forward to the end of the period of vegetation, both the 
food absorbed by the plant, and the movable part of the 
materials formed in the leaves, stem, and root, go to form 
flowers and seeds. 

The observations of Schubart show that the roots of* 
cereal plants, in the first period of vegetation, increase 
much more than the leaves. Schubart found that rye 
plants, which, six weeks after sowing, presented leaves 
5 inches long, had meanwhile produced roots 2 feet in 
length. 

The vigour with which cereal plants send forth their 
stalks and side-shoots corresponds to the developement of 
the root. Schubart found as many as eleven side-sh6ots 
in rye plants, with roots 3 to 4 feet long ; in others, where 
the roots measured 1| to feet, he found only one or 
two ; and in some, where the roots were but 1^ foot, no 
side-shoots at all^ 

The action of a low temperature in autumn and winter, 
which puts a certain limit to the activity of the outer 
organs, without altogether suppressing it, is essential to 
the vigorous thriving of winter corn. It is a most 
favourable condition for future developement, if the tem- 
perature of the air is below that of the soil, so as to retard 
for several months the developement of the outer plant. 

Hence a very mild autumn or winter operates unfavour- 
ably upon the future crop, as the higher temperature en- 
courages the developement of the principal stalk before the 
proper time, which shoots up thin, and consumes the food 
which should have served to form buds and new roots, or 
to increase the store of organisable matter in the roots. 
Thus stunted in its developement, the root supplies less food 
to the plant in spring, as it takes up and gives out less in 
proportion to4ts smaller absorbent surface and more 
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limited supply stored up in it ; and it retains the same 
feeble character in the succeeding periods of vegetation. 
The agriculturist endeavours to meet the difficulty by 
grazing down or cutting these feeble plants ; the formation 
of buds and roots hereupon begins anew, and if the ex- 
ternal conditions are favourable, and the plant has time to 
fill the root with a fresh store of organisable matter, the 
normal conditions of growtli are, in the agricultural sense, 
restored.- Summer corn maintains, in the several periods 
of its developement, the same character as winter corn ; 
only these periods are of much s^horter duration. 

Ahrend’s study of the oat-plant in its several stages of 
growth is instructive in this respect. He determined the 
increase in combustible and incombustible constituents 
during the following periods : from germination to the be- 
ginning of shooting (end of the first stage, 18th June) ; 
from this time to shortly before the end of shooting (second 
stage, 30th June) ; immediately after flowering (third stage, 
10th July) ; the commencement of ripening (fourth stage, 
21st July) ; finally, to perfect maturity (fifth stage, 31st 
July). On the 18th June the plants were on an average 
31 centimeters high { 1 \ inch), the three lower leaves 
were nearly expanded, the two n|)per leaves were still 
folded up. Of the stalk-joints the three lower alone had 
an appreciable length (1, 2, and 3 centimeters), the three 
upper had but a rudimentary existence. Twelve days 
after (on the 30th June) the plant had attained double the 
height (63 centimeters) ; and ten days after this again, on 
the ipth Julj, after flowering, it had reached 84 centi- 
meters. 

1,000 plants respectively produce in grammes : — 
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Conetitneuta 

Examined on 

r 

18th June. 

I. stage. 

Ii^ 49 days, 
before 
shooting. 

30th June. 
II. stage. 

In 12 days, 
stalks full 
grown. 

10th July. 
III. stage. 

In 10 days, 
flowering. 

2l8t July. 
lY. stage. 

In 11 days, 
formation of 
♦ seed. 

31st July. 

V. stage. 

In 11 days, 
ripening. 


Grammes 

Grammoa 

Grammes 

Grammes 

Grammes 

Combustible . 

419 

873 

476 

436 

128 

Incombustible 

36-6 

33-48 

30-33 

20-34 

7-18 

1 

i 

1 

In one day. 


1 

Combustible . 

8-651 

72-76 

47-50 

39-45 

12-8 

Proportion . 

1 

8-6 

6-6 

4-6 

1-5 

Incombustible 

0-747 

2-79 

3-03 

1-849 

0-318 

Proportion . 

1 

3-73 

4-06 

2-47 

0-96 


In looking at these figures we must remember that 
Ahrends could only determine^ what the overground part 
of the plant had received from the root, not, as Anderson 
in the case of the turnip, what the whole plant had derived 
from the soil. The great disparity in the increase of com- 
bustible and incombustible substances evidently depends 
rather upon the unequal distribution of the materials ab- 
sorbed, than upon any disparity in the quantity derived 
from the soil. The whole period of developement comprised 
about 92 days, and we see that for more than the first 
half (49 days) the plant remains stationary at an apparently 
low stage of growth, the fohage alone being developed, 
and that not fully. Ih the next 12 days, fix)m the 18th 
to the 30th June, the plant gains double the weight of 
incombustible constituents, and grows twice as high as in 
the 49 days preceding ; and within this short time, the 
overground parts absorb nearly the same quantity of in- 
combustible constituents as they had previously taken up. 
In fact, the plant takes up 8 J times the quajitity ofc com- 
bustible matter, and 3f times more of ash constituents on 
one day of shooting, than upon one of the 49 previous 
days. 

We camiot suppose it at aU likely that the external 
conditions of Nutrition, the supply of food by the atmo- 





37 


GROWTH OF THE OAIrPUNT^ 




sphere and from the ground, or the absorptive power of 
the plant, should alter and increase, by fits and starts, from 
one day to another. We are led rather to assume that 
the oat-plant is subject in its developement to the same 
law which we have observed in the case of the turnip, and 
that therefore, in the second half of the first stage of 
growth, the activity of the leaves was principally directed 
to the production of organisable matter, to be stored up 
in the root for the shooting stage, and then supplied to 
the overground organs of the plant. The heightened as- 
similative or working power of the plant, consequent upon 
the higher temperature and brighter sunshine of summer, 
was attended by a proportionate increase in tlie suj)p]y of 
food ; but the relative proportion of the soil constituents 
remained much the same as in the turnip plant. 

If we compare the respective quantities of potasli, phos- 
phoric acid, ftid nitrogen, which the overground parts of 
the oat-plant have received from the root and the soil, in 
the several stages of growth, i. e. to the commencement of 
flowering, thence to incipient ripening, and finally to ma- 
turity, we find that 1,000 plants have received : — 



In the I. and II. 

In the I* and 11. 

In the V. stage, 


Htagee, 61 days. 

stages, 21 days. 

10 daya. 


Orammofl 

Grammes 

Grammes 

Potash .... 

3411 

13-2 

00 

Nitrogen 

260 

24-9 

6-4 

Phosphoric acid . 

6-99 

6-94 

1-33 

1 


These proportions show that the daily increase of potash 
in the overground parts of the oat>-plant was pretty nearly 
the same in the 21 days of the 3rd and 4th stages, as in 
the 61 days of the 1st and 2nd. But for the phosphoric 
acid and the nitrogen a very different result is obtained ; 
we find that the quantity of these two ingredients which 
passed into the stalk, the ear, and the leaves, ainounted 
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in the 21 days of the 3rd and 4th stages to as jnuch as in 
the 61 days of the 1st and 2nd stages : in other words, 
Ihe overground organs of the plant gained of these two 
ingredients, in the flowering and ripening time, three times 
as much each day as in the preceding period. 

Of the tuiiiip-plant we know with tolerable certainty, 
that from the time when it sends forth a flower-stalk, the 
constituents of the stalk, as also those of the flowers and 
the seeds, are for the most part stored up in the root, and 
are supplied therefrom. It is highly probable that the 
corn-plant is similarly circumstanced, and that from the 
flowering to the end of life it 'is fed, though not exclu- 
sively, by the root, which from the flowering time gives 
out what it had stored up in the preceding period. 

Knop observed that Indian corn plants in flower, taken 
out of the ground and placed with their roots simply in 
water, produced ears with ripe seeds ; whidk proves that 
the materials serving for the production of seed were 
already present in the plant at the time of flowering. 

It is an established fact that a corn-plant, if cut ofi* 
before flowering, relapses into that lower stage of vege- 
tation of a perennial plant, in which the root receives 
more organisable matter than it parts with.* 

The proportions of incombustible constituents and of 
nitrogen severally required by oats and turnips, are 
remarkably difierent, both in the aggregate arid during 
the various stages of growth. The facts established by 
Anderson for the turnip, and by Ahrends for the oat, are 
indeed not sufficiently numerous to warrant us in deducing 

* Buckmann (‘ Joura. of the Royal Agric. Soc.’) sowed wheat on 
<a field in autumn 1849, which was continually cut down in 1850, so 
that the plants were never allowed to come to flower : they were left 
in during the winter 1850-51, and yielded an excellent crop in the 
year 1851. 
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any positive law of growth for those two plants : still a 
few inferences may easily be drawn from them. The 
quantities of phosphoric acid and nitrogen in the turnip 
are, at the end of the first year of vegetation, nearly in 
the proportion of 1 : 1 ; in pats, on the contrary, of 1 : 4. 
The oat-plant requires to the same quantity of phosphoric 
acid four times as much nitrogen as the turnip ; ai^d the 
latter to the same quantity of nitrogen four times as much 
phosphoric acid, 

If the developement of the oat-plant takes a similar 
course to that of the turnip, the former must have accu- 
mulated in its underground organs before #ie time of 
shooting a store of organisable matter, similar to that laid 
up by the turnip at the close of the first year of vege- 
tation. The mass of organic substances accumulating in 
these plants before the developement of the flower-stalk is 
manifestly much larger in tlie turnip than in the oat- 
plant. The former receives from the soil much more 
phosphoric acid and nitrogen ; but the turnip had 122 
«days, the oat-plant only 50 days, up to the period of 
shooting for extracting these nutritive substances fi:om 
the ground. Now if the turnips and oats growing on a 
hectare (2^ acres) of land had daily received an equal 
amount of them, then, all other circumstances being the 
same, the quantity of nutritive substances absorbed would 
be proportionate to. the time of absorption. In this 
respect the nature of the root makes a great difierence, 
according to the extent of absorbent root-sui^ce. The 
larger root-surface is in contact with more earthy par- 
ticles, and can during the same time extract more nutritive 
substances than the smaller. The mass of vegetable 
substance produced, and especially the quantity of noa- 
nitrogenoiis and azotised ' materials, depend upon the 
nature of the plants. If the absorbent root-surface of the 
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oat-plant were 2*45 times greater than that of the turnip, 
the former would, under like circumstances, take up daily 
2*45 times as much food as the latter, i. e. the oat-plant 
would absorb in 50 days as much as the turnip in 122 
days. Thus in equal times the power of two plants to 
absorb food is in proportion to their absorbent root- 
surface. 

The time of vegetation occupied by the turnip-plant 
comprises, in the first year, 120 to 122 days, and termi- 
nates at the end of July in the next year with the produc- 
tion of seed. If we take the whole time of vegetation of 
the tumip^lant at 244 days, and suppose the time of 
vegetation of the oat-plant extended from 93 or 95 to 
244 days, we find that this would give sufficient time for 
growing two oat crops, and advancing a third half way to 
maturity ; and a careful investigation might perhaps reveal 
that the quantity of sulphureous and nitrogenous consti- 
tuents produced in the oat-plant is not less than that 
obtained in turnip-plants from an equal area of ground. 

In the grains of the cereals the quantity of the sulphur^ 
eous and nitrogenous constituents is to that of the non- 
nitrogenous (the quantity of the blood-making substances 
to the amylum), as 1 : 4 or 5 ; in the roots of turnips, or 
in the tubers of potatoes, as 1:8 or 10. In the latter, 
therefore, the quantity of the non-nitrogenous constituents 
is in proportion to the other constituents much greater. 

When at a certain temperature the organic process of 
germination begins in a grain of wheat, the embryo first 
sends down a number of rootlets, while the plumule rises 
upward in the form of a short stem, with two or three 
complete leaves. Simultaneously with the changes taking 
place in the embryo, the constituents of the farinaceous 
body (albumen) become fluid; the amylum is ’‘Converted 
first into a substance resembling ,gum, theu intp sugar, 
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while the gluten changes into albumen, and both together 
form protoplastem (Naegeli’s organic food elements), or the 
food of the cell. The fluidity of the new body enables 
it to find its way to the places where the formation of 
cells is going on. The amylum supplies the elements 
required to form the outer wall of the cell ; the nitro- 
genous matter constitutes a principal ingredient of the 
cell contents. Simultaneously with the roots and leaves, 
small leaf-buds arise upwards on the stem-joint, and small 
root-buds appear at the basis of the roots. 

In the protoplastem of the wheat-plant the non-nitro- 
genous matter exceeds the azotised matter as five to one. 

Except water and oxygen, no substance from without 
takes any part in these processes. What the seed loses in 
carbon by the formation of carbonic acid in germination 
is afterwards recovered almost entirely by the young 
plant. 

The plant developed under these circumstances barely 
increases in substance to any appreciable degree, even 
though it may continue vegetating for weeks. The organs 
developed from a grain of i^heat weigh all together, when 
dried, no more than the grain did before germination. 
The relative proportion of the non-nitrogenous and 
azotised substances in them is almost the same as in the 
farinaceous body, the constituents of which have in reality 
merely assumed other forms. The leaves, roots, stem, 
leaf-buds and root-buds collectively represent the con- 
stituent parts of the seed, transformed into organs and 
apparatus now endued with the power of performing 
certain operations which serve to carry on a chemical 
process, whereby external inorganic substances, with the 
cooperation of sunlight, are converted into products aiiatcS 
gous in all their properties to the materials from wBieli 
these organs themselves arose. 
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The organic process of celhformation presupposes the 
presence of the protoplasm, and is independent of the 
chemical process by which the latter is generated ; but 
this chemical process is indispensable to the continuance 
of the cell-formation. 

In a young plant which has been developed in pure 
water alone, the chemical process must soon come to an 
end for want of the necessary external conditions. The 
leaves and roots in this case can do no work as formative 
organs. In the absence of food they generate no products 
upon which the continued existence of the plant depends. 
When they have arrived at a certain state of develope- 
ment, the cell-formation ceases in themselves, although it 
is still continued in the new root-buds and leaf-buds. The 
latter stand to the movable contents of the previously 
existing leaves and roots in the same relation as the 
embryo of the wheat-seed to the farinaceous body. The 
non-nitrogenous and azotised constituents which represent 
the working capital of the existing roots and leaves are 
transformed as these die into new organs, and new leaves 
are developed at the expense* of the constituents of the 
old ones. But these processes are of short duration ; 
after a certain number of days the young plant dies. 
The more immediate external cause of its short duration 
is the want of food ; but another internal cause is the 
conversion of the non-nitrogenous soluble substances into 
cellulose or woody tissue, whereby it loses mobility. 
With the diminution of this soluble substance the most 
essential condition of cell-formation is impaired : when 
the whole has been consumed, the process comes to an 
end. The withered leaves, when burnt, leave behind a 
c^tain quantity of ash, showing that they retain some 
mineral matter; there remains in them also a small 
portion of nitrogenous subst^ce. 
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The most remarkable thing in this developement is the 
part performed by the nitrogenous matter of the seed, 
which becomes a constituent element of the root-fibres, 
stems, and leaves, where its agency serves to bring about 
the formation of cells. After the death of the first 
leaves, it becomes a constituent of the new ones, per- 
forming in them the same part over again, so long as 
there remains material for cell-formation. But the nitro- 
genous matter itself is not in reahty worked up in the 
plant, and forms no actual tissue or component part of 
the cell. 

The experiments of Boussingault on the growth of 
plants, in the absence of all nitrogenous food (‘Annal. de 
Chim. et de Phys.,’ ser. iii., xliii., p. 149), though under- 
taken for a different purpose, are well adapted to remove 
all doubt about the very important power possessed by 
the nitrogenous matter just now alluded to, viz. of main- 
taining the vital process in the plant, even where the 
mass of the plant itself receives no increase. 

In these experiments lupines, beans, oats, wheat, and 
cresses were sown in pure pumice-stone dust, washed 
and burnt, with which was mixed a certain quantity of 
ash from stable-manure and from seeds similar to those 
sown. The plants were grown partly under glass bells, 
with a constantly-renewed supply of air containing 
carbonic acid. The air supplied, and the water used 
for tlie plants, were most carefiilly freed from ammonia. 
The results of these experiments were as follows: — 
In an experiment where the plants were Hbwn under a 
glass bell, 4-780 grammes of seeds (lupines, beans, and 
cresses), containing 0-227 gramme of nitrogen, gave 
16*6 grammes of dried plants; adding the amount ctf 
nitrogen in the soil, 0*224 gramme of that element was 
recovered. In another experiment, where the ptots 
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were grown in free atmospheric air, with the exclusion, 
however, of dew and rain, 4*995 grammes of seeds 
(lupines, beans, oats, wheat, and cresses) gave 18*73 
grammes of dried plants. The seeds contained 0*2307 
gramme of nitrogen ; the plants and soil, 0*2499 
gramme. In the first series of experiments, all elements 
of food were supplied to the plants, except nitrogen ; 
the chief conditions required to form unazotised matter 
were given, but those required to form azotised matter 
were altogether excluded. 

The growth of a wheat plant in pure water and 
atmospheric air is unattended with any increase of 
weight. The normal seed-corn contains a certain 
quantity of potash, magnesia, and lime, which are 
required internally for the organic formative process; 
but it has no excess of these mineral substances that 
could serve to effect the chemical process of a new pro- 
duction of protoplasm. Where the mineral substances 
are excluded, the organs wiU absorb water, but neither 
^carbonic acid nor ammonia; at all events, these two 
latter substances, even though they be introduced into 
the plant by means of the water, exert no influence upon 
the internal process ; they suffer no decomposition, and 
no vegetable matter is formed from their elements. 

In Boussingault’s experiments, the action of the mineral 
substances supplied is unmistakable. The weight of the 
plants produced was nearly 3^ times greater than that of 
the seeds sown ; but the quantity of nitrogenous matter 
was the sariP as in the seeds. Hence we have a clear 
production of non-nitrogenous substance 2^ times more 
than the original weight of the seeds. A simple calcula- 
tion shows that the nitrogen in the seed has, under these 
circumstances, caused the generation of 56 times its own 
height of unazotised matter ; or, what comes to the same 
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thing (taking the amount of carbon in the latter at 44 per 
cent, only), the decomposition of 90 times its own weight 
ot carbonic acid. 

The course of vegetation in these plants throws suffide^ 
light upon the processes going on in their organism ; in 
the first days their developement was vigorous, afterwards 
languid. The first-formed leaves withered after a time, 
and partly dropped oflf, fresh leaves being developed in 
their stead, which went on in the same way ; and the 
vegetation seemed to reach a point where the newly 
developed parts existed at the expense of the decaying 
portions. A French bean, weighing 0*755 gramme, 
planted on the 10th May, had by the 30th July deve- 
loped 17 leaves, of which the first 11 were then dead 
and gone. The plant flowered, and on the 22nd August, 
when nearly all the leaves had dropped off*, produced a 
single small bean, which weighed 4 centigrammes, the 
y^-g^th part of the weight of the seed-bean. The entire 
crop weighed 2*24 grammes, very nearly three times as 
much as the seed-bean. In the case of a rye-plant it was 
very clearly observed how the unfolding of every firesh leaf 
was attended with the death of one of the old leaves. 

In the gecond series of experiments, the plants had 
absorbed (from the air) 1*92 milligramme of nitrogen, 
and produced 0*830 gramme more vegetable substance, 
giving 43 milligrammes of unazotised matter for every 
milligramme of nitrogen. 

The difference in the developement of a plant in pure 
water fi:om that of one grown, as in Boussingault’s ex- 
periments, in a soil supplying the incombustible copstir 
tuents of food, is clear and unequivocal. The orgatg 
first formed received in both cases their element 
the seed ; in both, a certain quantity of mineral substanpesj. 
and also of soluble unazotised matter was cpnsuin^ to 
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form cellulose in ihe leaves, roots, and stems ; and the 
proportion of the unazotised to the nitrogenous matter 
was altered. In the plant growing in water, there was a 
^nstant decrease of unazotised matter; while in the 
other a certain quantity of that substance was generated 
anew. Nothing can be more certain than that in Bous- 
singault’s experiments, the first-formed leaves acquired by 
the supply of mineral substances the faculty of absorbing 
and decomposing carbonic acid, a power not possessed by 
the plant developed in pure water; and that as much 
soluble unazotised substance was reproduced as had been 
consumed in the formation of the leaves and roots, by the 
conversion into cellulose of the store originally present. 

In the movable constituents of the plant, the relative 
proportion between the unazotised and the azotised seed 
constituents was manifestly restored pretty nearly as it 
existed in the seed ; both matters passed through the 
stem into every new formed leaf-bud, and took part in the 
developement of new leaves, by whose operation the con- 
sumption of unazotised matter was always made good 
again within a certain limit, so that the same process 
could be repeated again and again for months. In every 
one of the dead leaves (and root fibres) a cert^ quantity 
of the azotised substance remained behind, and in the last 
period of vegetation the floating remainder of this sub- 
stance was collected in the pod and the seeds. 

The supply of mineral substances had served to effect 
the continuance of the chemical process, and caused the 
production of unazotised substances. By the presence of 
these mmeral bodies, and by the cooperation of the azo- 
tised matters, new material was engendered from carbonic 
a(id form the cell-walls, and the term of life was pro- 
longed to its proper limit. The most remarkable point 
. is, lhat a quantity, comparatively so small, of azotised 
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substance derived from the seed, should so long be able 
to perform its assigned functions, apparently without suf- 
fering a^y alteration ; so* that in the body of the living 
plant, made to produce and collect it, it would seem to 
possess a kind of indestructibility. 

If we consider, that, in the cited experiment with the 
French bean, a great part of the additional unazotised 
substances which were produced fell away in the dying 
leaves from the body of the plant, it will be seen that the 
supply of mineral substances was of no use to the bean- 
plant in the absence of nitrogenous food. 

Lastly, it is quite intelligible that the amount of azo- 
tised matter contained in a bean might perhaps suffice to 
sustain for years the vegetation of one of the conifers 
with persistent leaves, and to produce many hundred — 
perhaps many thousand — times its own weight of woody 
substance ; and that such a plant upo% a barren soil alto- 
gether imsuited for other plants, might thrive with a very 
sparing supply of nitrogenous food, if the soil contained a 
proper store of those mineral substances which are indis- 
pensable for the generation of unazotised matter. 

The growth of a plant essentially consists in the en- 
largement and multiplication of the organs of nutrition, 
i. e. the leaves and roots. The enlargement of the first, 
or the production of a second leaf or root fibre, requires 
the same conditions as the production of the first. The 
analysis of the seeds teaches us with tolerable certainty 
what these conditions are. In the normal conditions of 
nutrition, the first roots and leaves, whose elements were 
supplied by the seed, produce from certain mineral sub- 
stances organic compounds, which become parts aifid 
constituents of themselves, or constituents of fresh }e|y^ 
and roots, consisting of the same elements and having the 
identical properties of the fimt, i. e. . they possess 



48 


THE PLANT. 


power to transform inorganic nutritive substances into 
organic formative materials. 

It is quite clear that the enlargement of the fijst leaves 
and roots and the production of new ones, must have 
required azotised and unazotised substances in the same 
proportion as in the seed, which makes it probable that 
the organic operations of the plant under the dominion of 
sunlight uniformly produce in all periods of growth the 
same materials, i. e. the constituent elements of the seed, 
which serve to build up the plant, being formed into 
leaves, stems, and root-fibres, or finally into seed. The 
soluble constituents of a bud, a tuber, or the root of a 
perennial plant, are identical with the seed constitu- 
ents. The cereal plant produces azotised and unazotised 
substances in the same proportion as in. the albumen 
(farinaceous body). The potato plant produces the con- 
stituents of the tutor, which are formed into leaves and 
branches or roots ; or, if the external conditions are no 
longer favourable to the formation of leaves and roots, 
accumulate again in the underground stem, to form new 
tubers.* 

While the growth of the plant continues, the first as 
well as the last leaves and roots, will, with a proper 
supply of food, maintain their existence, since they repro- 
duce out of the nutriment supplied to them the identical 
constituents from which they themselves arose. The 

♦ Boussingault has observed that even seeds weighing two or three 
milligrammes, sown in an absolutely sterile soil, will produce plants 
in which all the organs are developed, but their weight, after months, 
does not amount to much more than that of the original seed, even if 
they vegetate in the open air ; and the result is more marked if they grow 
in a confined atmosphere. The plants remain delicate, and appear 
reduced in all dimensions ; they may, however, grow, flower, and even 
bear seed, which only requires a fertile soil to produce again a plant of 
the natural size. (‘ Compt. rend.’ t. xliv. p. 940.) 
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excess of these, which they do not require for their own 
enlargement, goes to those parts of the plant where the 
motion of the fluids or the cell-formation is most active, 
— viz., to the roots, the leaf-buds, or the extreme points 
of the roots and shoots ; and, finally, as in the case of 
summer plants, to the orgsyis of seed-formation, which at 
the ripening of the seed absorb most of the movable 
seed-constituents existing in the plant. * 

The supply of the incombustible elements of food led 
to the formation of unazotised matter, a portion of which 
was used to form woody tissue, whilst another portion 
remained available for the same purpose. The supply of 
nitrogenous food caused a corresponding production of 
nitrogenous matter, so that the protoplasm was con- 
stantly renewed, and, so* long as the chemical process 
lasted, was increased. 

To enable a plant to flower and bear seed, it would 
appear necessary in the case of many plants that the 
activity of the leaves and roots should reach a period of 
rest. It is only after this that the process of cell-forma- 
tion seems to gain the ascendancy in a new direction; 
and the constructive materials being no longer required 
for the formation of new leaves and roots, are used to 
form the flower and the seed. In many plants the want 
of rain, and the consequent deficiency of incombustible 
nutritive substances, will restrain the formation of leaves 
and hasten the flowering. Dry, cool weather favours the 
production of seed. In warm and moist climates the 
cereals sown in summer bear little or no seed ; arid on a 
soil poor in ammonia the root-plants more readily flower 
and bear seed than on a soil rich in that substance. 

If the normal processes of vegetation require a defipi^ 
proportion of unazotised and azotised materials in 
protoplasm which is formed in the plant, it is evideiit 

, E 
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that the want or excess of the mineral substances indis- 
pensable for the production of those matters must exercise 
a very decided influence upon the growth of the plant, 
and upon the formation of the leaves, roots, and seed. 
Want of a^otised and excess of fixed nutritive substances 
would lead to the formation ^of unazotised materials in 
preponderating quantity ; but when these have assumed 
the form of leaves and roots, they retain a certain amount 
of nitrogenous matter, thereby impairing the seed forma- 
tion, a principal condition of which is an excess of proto- 
plasm. An excess of azotised food, with a deficiency of 
fixed nutritive substances, will be of no use to the plant 
itself, because the latter can for its organic operations 
make use of nitrogenous substances only in proportion as 
they exist in the protoplasm, • and the contents of the 
cell are of no value to the plant in the absence of the 
materials required to form the cell- walls. 

In the process of animal life the organs of the body are 
constructed from the elements of the egg ; the constituent 
parts of such constructed organs are azotised, whereas in 
the plant they contain no nitrogen. All processes of 
vegetative life tend simply to produce the elements of 
the seed. The plant only lives in generating the egg- 
constituents and the egg itself ; the animtd only lives by 
destroying these very egg-constituents. 

On one and the same soil equally suited for the turnip 
and the w];;.eat-plant, the former produces for the same 
amount of azotised substance twice as much unazotised 
matter as the latter. It is manifest that* if two plants 
produce within the same time diflerent quantities of 
hydrates of carbon (wood, sugar, and amylum), the 
organs of decomposition must be arranged in a manner 
not only to afibrd adequate room for the carbonic a,pd 
•supplying the carbon, and for the water supplying ifee 
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hydrogen, as well as to present a suitable extent of surface 
to the action of the light, but also to permit the liberated 
oxygen to escape as promptly as it becomes free. If we 
compare in this respect the leaves of a wheat-plant with 
those of a turnip-plant, we find a striking difierence in 
their size, and in the amount of water respectively con- 
tained in them ; and a microscopic examination reveals 
still greater differences. The wheat-plant has erect leaves, 
which present to the light a much smaller surface than 
the leaves of the turnip-plant, which overshadow the 
ground, preventing the drying of the soil and the exha- 
lation from it of carbonic acid. Jn the wheat-leaf the 
stomates are equally thick on both sides ; in the turnip- 
leaf they are much more numerous, although smaller than 
in the wheat-leaf, and a far greater number of them are 
found on the lower than on the upper side. 

AU the facts known respecting the nutrition of plants 
tend to prove that it is not by a mere osmotic process that 
they absorb their food, but that the roots perform a very* 
definite active part in selecting from the amount of food 
presented to them such matters and in such quantities as 
are best suited to the plant. 

The influence of -the roots is most manifest in the vege- 
tation of marine and fresh-water plants, whose roots are 
not in contact with the soil. 

These plants receive their incombustible nutritive sub- 
stances from a solution in which these elements are most 
uniformly mixed and diffused ; and yet a comparative 
analysis of the water and the ash-constituents of these 
plants shows that each species absorbs from the same 
solution different quantities of potash, lime, silicic aeidy > 
and phosphoric acid. | 

The ash^f duckweed was found to contain 22 parts of 
pdfash to 10 parts of chloride of sodium, whereas the^^ 
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water in which the plant had grown contained only 4 
parts of potash to 10 parts of chloride of sodium. In the 
plant the relative proportion of the sulphuric acid to the 
phosphoric acid was 10 to 14 ; in the water, 10 to 3. 

It is quite the same with marine plants. Sea-water 
contains for 25 or 26 parts of chloride of sodium 1*21 to 
1*35 of chloride of potassium ; but the plants growing in 
it contain more potash than soda. The kelp of the 
Orkney Islands, which consists of the ashes of many 
species of fucus,* contains for 26 per cent, of chloride of 
potassium only 19 per cent, of chloride of sodium. 

Sea-water contains jnanganese, but in such exceedingly 
small quantity that it would certainly have escaped 
analysis, were it not invariably found among the ash- 
constituents 'of many marine plants. The ash of Padina 
'pavonia (a species of tang) is found to contain of this 
mineral even more than 8 per cent, of the weight of the 
dried plant.f 

* By the same power of selection the laminaria withdraw 
from the sea-water in which they grow the iodine com- 
pounds present in it in such exceedingly minute quanti- 

* ties. Chloride of potassium and chloride of sodium have 
the same form of crystallisation, and so many other 
properties in common, that without the aid of chemical 
means we cannot accurately distinguish the one from the 
other. But the plant clearly discriminates between the 

* See Godechen’s analyas of the ash of different species of fiicus. 

Annal. d. Chem. and Pharm.’ li-v. 351.) 

•f To give some idea of the extraordinary power which this , plant 
must possess to withdraw the manganese from sea-water, I need 
simply state that the quantity of this metal in sea- water is so, exceed- 
ingly small, that I could find distinct traces of it only by subjecting 
' ^e sei^uioxide of iron, obtained from twenty pounds of sea- water, 
to a most searching analysis. (Forchhammer and Pp^geudoff,; xqv. 
p. 84.) 
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two salts, for it separates the one from the other, and for 
every one equivalent of potassium which it absorbs 
leaves behind in the water more than thirty equivalents of 
sodium. Manganese and iron, iodine and chlorine, are 
likewise isomorphous bodies ; yet the iodine plant sepa- 
rates one equivalent of iodine in sea-water from many 
thousand equivalents of chlorine. 

The known laws of osmosis, and of the diffusion or 
interchange of water and salts through a dead membrane 
or a porous mineral body, give^no explanation whatever 
of the action exercised by a living ^membrane upon salts 
in solution, or how they pass through it into the plant. 
The observations of Graham (‘ Phil. Mag.’ ser. IV. August 
1860 ) show that matters capable of exerting a chemical 
action upon animal membranes, such as carbonate of 
potash^ and caustic potash, causing them to swell and 
gradually decomposing them, facilitate the passage of 
water to an extraordinary degree.* Graham remarks 
that the processes of alteration, decomposition, and new 
formation, which are incessantly taking place in the 
membranes and cells in all parts of the plant, and which 
we have no means of defiiling or measuring, must entirely 
change the osmotic process : the permeation of mineral 

* The water in the tubes of his osmometer rose to 167 millimeters, 
when holding I /lOw. per cent, of carbonate of potash in solution ; with 
1 per cent, of that salt, it rose to 863 millimeters (38 inches, English). 
In another experiment, the water holding 1 per cent, of sulphate of 
potash in solution, rose to twelve millimeters; upon the addition of 
1/10 per cent, of carbonate of potash to the solutk>n, it rose to 254- 
264 millimeters; the same potash solution by itself rose only to 92 
millimeters/ The notion of an osmotic equivalent is altogether inad- 
misi^ble, if the membrane is chemically altered. Graham’s latent 
investi^tiong on the dialysis of crystalline and amorpTious bodies 
e^remely interesting, and promise to throw considerable light upon 
the prbcesafea in the animal organism. 
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substances through the living vegetable membrane must, 
therefore, be governed by very complex laws. 

Land plants^ct in the same manner with respect to the 
soil in which they grow, as marine plants to sea-water. 
One and the same field presents to the plants growing in 
it, the alkalies, alkaline earths, phosphoric acid, and ammo- 
nia, in absolutely the same form and condition ; but the 
ash of no one species of plant ever shows the same 
relative proportions of component elements as the ash of 
another species. Even the parasitical plants, which draw 
their mineral constituents in a certain state of prepara- 
tion, from other plants on which they live, as the mistletoe 
( Viscum, aR)um\ do not comport themselves fo the latter 
as a graftling to a tree, but absorb from the sap very 
different proportions of mineral constituents ( ‘Annal d. 
Chem. und Pharm.’ liv. 363). ITow, as the soil is perfectly 
passive in respect to the supply of these materials, there 
must be some agency at work in the plant itself, which 
regulates the absorption according to the requirements of 
each plant. 

The observations made by Hales (see Appendix C.) 
show that the exhalation from the* surface of the leaves 
and branches exercises a powerful influence upon the 
motion of the fluids, and upon the absorption ot water 
from the soil. If the plant drew its mineral food from 
a solution moving about in the soil and passing imme- 
diately into the roots, then two plants of different species 
or kind, placed in the same conditions, would recmve the 
same mineral substances in the same relative proportions ; 
but, as we have seen, two plants belonging each to a 
different species contain these substances in the most'dis- 
similar proportions. 

That a selection takes* place in the absorption of 
by the roots is a fact beyond dispute. 
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In the case of Aquatic plants, which grow under water, 
exhalation is altogether excluded as a possible operating 
cause of the passing of the food into the body of the 
plant. In these plants the absorbent surface must exer- 
cise very unequal powers of attraction upon the different 
materials, which are presented by the solution in the same 
form and in a sMe of equal mobility ; or, what comes to 
the same thing, the resistance offered to their passage 
through the outermost cellular layers must be very 
dissimilar. The case cannot be different with the roots 
of land-plants, to judge from the unequal pipportions of 
the substances severally absorbed by them. 

The power of the roots to preclude the passing of 
certain substances from the soil into the plant is not 
absolute. Forchhammer (Poggend. ‘Annal.’ xcv. 90) 
detected exceedingly minute traces of lead, zinc and 
copper in the wood of the beech, birch, and fir ; and tin, 
lead, zinc, and cobalt in that of the oak ; but the fact 
that the outer rind or bark, in particular, is found to con- 
tain metals of this kind in perceptibly larger quantities 
than the wood, clearly points to the accidental nature of 
their presence, and to theit taking no essential part in the 
vital processes of the plant. 

How small the quantities of these metals must be 
which the roots of these trees absorb may be judged firom 
the fact that hitherto chemical analysis has not been able 
to detect traces of any other metal than manganese and 
iron, in the water of wells, brooks, or springs ; ahd their 
appearance in these wood-plants, which during the growth 
of half a century or more have absorbed and evaporated 
an immense quantity of water, is the only proof we 
possess, that, this water must actually have containe?! 
the^ tqet^s in some foi’m or other. ; 

^ of De Saussure, Schlossberger, and 
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Herth, show that the roots of land %nd water plants 
absorb from very dilute saline solutions water and salt 
in proportions entirely different from those in the fluid ; 
in all cases a greater proportion of water, and a less 
quantity of salt. In plants watered with very dilute 
solutions of salts of baryta, Daubeny found no baryta, 
whereas Knop in similar experiments detected this sub- 
stance. The general result of all these experiments is 
that, of themselves, the plants have not the power of 
offering a permanent resistance to the chemical action of 
salts and other inorganic compounds upon the exceedingly 
fine membrane of the root. 

Most land-plants in their natural state in the soil can 
bear no salt solutions, as concentrated as in these experi- 
ments, without sickening and dying ; and even carbonate 
of potash and ammonia, which we certainly know to be 
nutritive substances, act upon many plants as poison, even 
when present in the water which circulates in the ground 
only in sulficient quantity to impart a blue tint to red 
litmus paper. On the other hand, it would be very 
wonderful if the roots of a plant outside the soil, and in 
conditions not suitable to their nature, should, under the 
influence of evaporation, be impenetrable for salt solu- 
tions.* * 

* If the long limb of a syphon-shaped tube, filled with water and 
closed with thick pieces of pig or ox bladder tied over both openings, 
is placed in salt-water or oil, and the other liinb is exposed to the air, 
the water evaporates in the pores of the bladder with which the short 
limb is closed. By the capillary action of the bladder, the water 
exuding in gaseous form is taken up again on the other side of the 
bladder, and a vacuum is thus created in the interior of the tube, 
whence there is ah increased pressure upon the surfaces of both 
bladders, which forces the salt-water or the oil through the bladder 
into the tube. (‘Researches into some of the Cau^s of ibh Motion 
of; Fluids, by J. v. Leibig. Brunswick : Fr. Viewig Sohi ^ j ISiS.- — 
p, .67.) A plant in similar conditions If just like a tube;l^Be4;,)n^ 
penetrable porous membranes. , 
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Those mineral substances which, like iron, are constant 
constituents of all plants, though present only in very 
small proportions, must be regarded very differently from 
those metals which Forchhammer found in woody plants. 

We know the part which iron performs in the animal 
organism, in which it is present in comparatively no larger 
quantities than in the seeds of cereals ; and we are fully 
convinced that, without a certain amount of iron in the 
food of animals, the formation of the blood corpuscles, the 
agents of one of the chief functions of the blood, is im- 
possible. Hence, by the law of dependence, which hnks 
together the life of animals and plants, we are compelled 
to ascribe to the iron in the plant also an active part in 
its vital functions so material that the absence of that' 
metal would endanger the very existence of the plant. 

Hitherto chemistry has attributed a positive part in the 
vital process of plants to those incombustible substances 
only which are common to all, and which differ only in 
the relative proportions in the plants. But should the 
conjecture prove true that iron is a constant constituent of 
chlorophyll and of the leaves of many flowers, it may be 
assumed that other metals, found invariably present in 
certain varieties of plants (as manganese in Pavonia, 
Zostera, Trapa natans, in many ligneous plants, several 
cereals, and in the tea shrub), take part in the vital func- 
tions, and that certain peculiarities depend upon the pre- 
sence of those metals. The ash of Viola calaminaria, a 
plant which, in. the parts about Aix-la-Chapelle, is held so 
strongly indicative of the presence of zinc, that the places 
where It grows are selected for opening new mines in 
seareh of zinc ore, is found to contain oxide of zinc* 
(Alex. V Braun.) , 

AstoMori^ and chloride of potassium Muse 

td thrive, so iodide of potassium"^ 
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- performs a similar part in others ; and if one .plant may 
properly be called a chlorine plant, others may with equal 
propriety be termed iodine plants, or manganese plants.* 
(Prince Sahn-Horstmar.) 

The diversity in the amount of iodine in different 
varieties of fucus (Goedechens), or of alumina in various 
kinds of Lycopodium (Count Laubach), remains, indeed, 
unexplained ; but the power of plants to withdraw 
substances like iodine, even in the smallest quantities, 
from the se^ water in which they grow, and to accumu- 
late and retain tliem in their organism, can only be ex- 
plained upon tke assumption that these substances have 
entered into combination with certain constituent parts of 
the plants, whereby as long as the plant lives they are 
prevented from returning to the medium from which they 
were taken. f 

It might be supposed that plants become saturgtted with 
the substances absorbed from the air and from the soil ; 
and that all materials* offered by the soil in solution, or 
made soluble by the cooperation of the roots, are absorbed 

* The examination of the following water-plants revealed the 
presence of considerable quantities of manganese and iron in .their ash, 
though the water in which they grew apparently contained no trace 
of manganese : — Victoria regia (in the leaf-stalk principally manganese, 
in the leaf iron); Nymphwa ccerrClea^ dentata^ lutea\ Hydrocharis 
Humboldti ; Nelumhium asperifolium. (Dr. Zoller.) 

f With respect to the copper in the grains of wheat and rye, which 
Meier of Copenhagen has shown to be a constant constituent of both 
seeds, Forchhammer (Poggendorff’s ‘ Annal.’ xc. 92) remarks : — ‘ It is 
an old and approved practice to steep grains of wheat, int^ded for. 
sowing, in a solution of sulphate of copper. The usual expiration of 
this practice is, that sulphate of copper destroys the sporules of blight ^ 
\o which the wheat plant is liable, an explanation which it is not my 
intention to dispute. Still it might also be held, supposing coppar jbo 
be an essential constituenr of wheat, that tke practice in 
serves to supply the copper necessary for the vigorous 
;p]akt.’ 



PASSAGE OP MATTERS INTO THE ROOTS. 


69 


without distinction. Upon this assumption, only that 
substance in the plant could of course pass into it from 
without, which is withdrawn from the solution within 
for a formative purpose. 

The investigations made by Schultz-Fleeth show that 
Nymphcea alba and Amndo phragmites absorb from the 
same soil and water, the former nearly 13 per cent., the 
latter 4*7 per cent., of ash constituents ; and of these silicic 
acid in the most unequal proportion; the ash of Nym- 
phoea alba containing less than ^ per cent, of that substance, 
while in the ash of Arundo phragmites there are above 
71 per cent. Upon the supposition just made, an equal 
amount of sihcic acid is offered to the roots of both plants, 
and they both take up an equal quantity of it in proportion 
to the volume of the sap respectively. In the reed plant 
the silicic acid is incessantly withdrawn, from the sap, and 
deposited in a sohd state in the leaves, the margins of the 
. leaves, the sheaths, &c. As the sap witliin contains less 
silicic acid than the solution without, fresh quantities of it 
are absorbed from the latter ; but not so with the Nym- 
phda, because the silicic acid taken up by that plant is 
not consumed in it. 

If we accept the same reasons for the passage into the 
plant of carbonic acid and phosphoric acid, then it 
can possess no actual power of selection, but the permea- 
tion of the nutritive substances will depend upon osmotic 
conditions. 

It certainly cannot be denied that the absorption of 
nutritive substances depends upon growth or increase in 
mass ; for as it is certain that a plant will not grow if no 
food is offered to it, so it is equally certain that it will 
absorb no nutriment if the external conditions are not 




^^.^|)|e to growth. Yet the view given above would 
to conclusions wMch are not founded irf nature ; 
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such as, for instance, (1) that there is actually around the 
roots a solution containing all the ash constituents of the 
plants ; and (2) that the roots of all plants have a similar 
structure, and their sap is of the same nature. 

With regard to the roots, the most common observa- 
tions appear to show that they possess the power of 
selecting the proper mineral nutriment for the plant from 
the matters presented to them. All plants do not thrive 
equally well in the same soil ; one kind succeeds best in 
soft water, another in hard water, or water abounding in 
hme ; another only on marshy ground ; many on fields 
rich in carbon ftnd carbonic acid, such as the turf-plants ; 
others again on soil containing large quantities of alkaline 
earths. Many mosses and hchens wiU grow only on 
stones, the surfaces of which they sensibly change ; others, 
like Kdleria^ possess the faculty gf extracting from sili- 
cious sandstone potash and the phosphoric acid so sparingly 
present in it. Boots of grass attack the felspar rocks, . 
accelerating their disintegration. Eapes and turnips, san- 
foin and lucerne, as also the oak and beech, receive the 
chief part of their food from the subsoil poor* in hurffus ; 
while the cereal and tuberous plants thriye best in 
the arable surface soil, and in soil abounding in humus. 
The roots of many parasitic plants are absolutely unable 
to extract from the soil their necessary food ; but this is 
prepared for them by the roots of the plants on which 
they grow. Others again, as certain fungi, grow only, on 
vegetable and animal remains, whose azotised arid un- 
azotised substances they use for their own construction. 

These facts, accepted in their true significance, seem 
sufficient to remove all doubt respecting the different 
action of the roots of plants upon the soil. We know that 
common I/ycopodium (club-mo^) and ferns ab^0rb^i|r,;r 
nijna; yet we also know that this substance; in mo 
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in which it occurs in all fertile soils, is not soluble in pure 
water, or water containing carbonic acid; and that it 
cannot be detected in any other plant growing on the 
same soil by the side of the club-moss. In like manner, 
Schultz-rieeth could not discover in the water in vhich 
Arundo phragmites (one of the plants most abounding in 
silicic acid) was growing, sufficient silicic acid to yield a 
ponderable amount in the composition of 1000 parts of 
the water. 
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THE SOIL. 

The soil contains the food of plants — Soil and subsoil ; conversion of the 
latter into the former — Power of the soil to withdraw the food of 
plants from solution in pure and in carbonic acid water j similar action of 
charcoal ; process of surface attraction ; chemical decomposition often 
accompanies this attraction of the food of plants in the soil; general 
resemblance of the soil in its action to animal charcoal — All arable soils* 
possess the power of absorption, but in different degrees — Mode of the 
distribution of the food of plants in the soil ; chemically and physically 
fixed condition of the food — Only the physically fixed are available to 
plants, being made soluble by the roots — Power of the soil to nourish 
plants; on what dependent — Comportment of an exhausted soil in 
fallow — Means for making the chemically fij^d elements of food avail- 
able to plants — Action of air, weather, decaying organic matters and 
chemical means — Distribution of phosphoric and silicic acids ; influence 
of organic matters — Action of lime — Process of the absorption of food 
from the soil by the extremities of the roots — Mechanical preparation^f 
the soil ; its influence on the growth of plants ; chemical means for pre- • 
paring the soil — Rotation of crops ; its influence on the quality of the 
soil; action of draining — Plants do not receive their food from a solu- 
tion circulating in the soil ; examination of drain ; lysemeter, spring and 
river water: bog water, food of plants contained in it; Bruckenauer 
spring water contains volatile fatty acids ; amount of food of plants in 
natural waters dependent on the nature of the soil through which they 

flow — Mud and bog earth as manure ;* explanation of their action 

Manner in which plants take up their food from the soil; experiments on 
the growth of plants in solutions containing their food; similar experi- 
ments with soil containing the food in a physically fixed state Intimate 
connection of natural laws — Average crop; necessaiy quanti^ of assimi- 
lable food in the soil for the production of such; importance of the ex- 
tent of surface of the food in the soil; the root surface — Quantity of 
food for a given surface of roots necessary for a wheat or rye crop — 
Analysis of the soil of afield — Difference between fertility and produc- 
tive power of a field — Mode of estimating relative extent of root sur- 
faces’— Conversion of rye into wheat soil ; quantity of food hecess^fqr* 
the purpose ; the plan impracticable — Iminobility in the soil bl the &d 
of plants; experience in agriculture — Iteai and ideal maximiith product 
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tion — Conversion in practice of the chemically fixed food into an available 
form — Effect of a manure depends upon the property of the soil — 
Improper relative proportions of the different elements of food in the 
soil : effect of this upon the different cultivated plants : means for restor- 
ing the proper relative proportions. 

F rom the son plants receive the food necessary for 
their developement ; hence an acquaintance with its 
chemical and physical properties is important in helping 
us to understand the nutritive processes of plants, and the 
operations of agriculture. As a matter of course, a soil 
to be fertile for .cultivated plants, must, as a primary 
condition, contain in sufficient quantity the nutritive 
substances required by those plants. But chemical 
analysis which determines this relation gives but rarely 
a correct standard by which to measure the fertility of 
different soils, because the nutritive substances therein con- 
tained, to be really available and effective, must have a 
certain form and condition, which analysis reveals but 
imperfectly. 

Rough uncultivated ground, and soil formed from the 
dust and dried mud of the highroads, are speedily 
overgrown with weeds, and though often still unfit for 
the cultivation of cereal and kitchen plants, may yet 
prove not unfruitful for other plants, requiring, like 
clover,- sanfoin, and lucerne, a large amount of food, 
and which are often seen thriving luxuriantly on the 
slopes of rail-v^ay embankments formed of earth that has 
never been under cultivation. A similar » relation is 
shown by the subsoil of many fields. In many of them 
the earth from the deeper layers improves the surface 
soil, and increases its fertility ; in others, the subsoil mixed 
with the surface soil destroys the fertility of the latter. 

It is a remarkable fact that rough uncultivated soil, 
#cf^ited for cereal and kitchen plants, may by diligent 
chlSvation during several • years, and by the influence 
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of the weather, become fertile enough to produce those 
plants which it formerly refused to bear^ The dif- 
ference between fertile arable land and barren untilled 
soil is not the result of any dissimilarity in the nutri- 
tive substances which they contain ; because in cul- 
tivation upon a large scale, to convert the untiUed rough 
soil into fertile arable land, the ground, so far from being 
enriched, is rather impoverished by the cultivation of 
other plants on it. 

The difference between the subsoil and the arable sur- 
face soil, or the crude and the cultivated soil, supposing 
that both contain the same amount of nutritive substances, 
can only be founded upon this, that the cultivated ground 
contains the nutritive substances of plants, not only in a 
more uniform mixture, but also in another form. 

Now as from the influence of cultivation and weather 
above-mentioned, the rough soil acquires the power of 
furnishing the elements of food which it contains, in just 
the same quantity and in the same time as cultivated soil, 
a power which was formerly wanting in it with regard to 
certain plants, it cannot be denied that an alteration must 
have taken place in the original form and fashion of these 
elements. 

Suppose we have a soil consisting of disintegrated 
rocks : in the smallest particles of such a soil, the nutri- 
tive substances of plants, as potaslf for instance in a 
silicate, ar^ retained in combination by the chemical 
attraction of sihcic acid, alumina, &c. This attraction 
has to be overcome by one still more powerful, if the 
potash is to be liberated and made a^ftiilable for passing 
into plants. K we find that some plants are perf^tly. 
developed in a soil of the kind, which remains unfruitful 
for others, we are led to assume tha| the former are ^ie«i^ 
to overcome the chemical resistances opposed to their 
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growth, and that the latter are not. Further, if we find 
the same soil gradually acquiring the power of producmg 
these latter plants also, ^e can assign no other reason 
than this, that by the combined action of air, water, and 
carbonic acid, aided by mechanical operations, the chemi- 
cal resistances have been overcome, and the alimentary 
substances have been reduced to a form in which they are 
available for absorption even by plants endowed with the 
feeblest powers of vegetation. 

soil can only then be said to be perfectly fertile for 
a given species of plant, e.g. wheat, when every part of 
its horizontal section which is in contact with the roots 
contains the amount of food required by the plant, in a 
form allowing the roots to absorb such food at the proper 
time, and in the proper quantity, during every stage of 
its developement. 

In a former section mention has been made of a 
property possessed by arable soil, viz. that when 
brought into contact with, solutions of the articles of 
food most essential for plants in pure water or in water 
contmning carbonic acid, it can withdraw these elements 
of food from such solutions. This power throws light 
upon the form and condition in which these materials are 
contained or combined in the soil. 

To estimate this property correctly in its bearing upon 
the life of plants, we must call to mind a similar property 
in charcoal, which, like arable soil, withdraws from 
many flmds colouring matters, salts and gases. 

This power in charcoal depends upon a chemical 
atfraction proceeding from its surf^e, and the materials 
withd^wn from the fluid adhere to the charcoal in 
exactly the same way that the colouring matter adheres 
Ip till fibre of colaur^ stufli coated over 'mth it. 

^ decolorising coloured fluids, which; 
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animal 'v^ool and vegetable fibre share in common with 
cha,rcoal, is perceptible in those kinds of charcoal only 
which possess a certain degree SP porosity. 

Powdered pit coal, and the shining, smooth, blistered 
charcoal from sugar or blood, have hardly any decolorising 
action ; whereas porous blood-charcoal and bone-charcoal 
with its fine pores exceed all other varieties in this 
property. 

Among the wood-charcoals, those made from poplar or 
pine, having wide pores, are inferior to the charcoal ^of 
the beech and box tree ; all these varieties decolorise in 
proportion to the extent of surface which attracts , colour- 
ing matter. The attractive force which charcoal exercises 
upon colouring matter is about on a par with the feeble 
affinity of .water for salts, which are dissolved by it, but 
without alteration of their chemical properties. When 
dissolved in water, a salt simply assumes the fluid state, 
and its particles acquire mobility; but in all other 
respects it retains its characteristic properties, which, as 
is well known, are completely destroyed by the action of 
a stronger affinity than that of water. 

In this respect the attraction of charcoal resembles that 
of water, for both attract the dissolved matter. If the 
attraction of the charcoal is somewhat greater than that 
of the water, then the colouring matter is completely 
withdrawn from the water ; if the attraction of both is 
equal, a division takes place, and the extraction is only 
partial. 

The materials attracted by the charcoal retain all ytl^edr 
chemical properties, ^hd continue unaltered, inerejy losilig 
their solubility in water ; yet very slight circumst^ces, 
increasing in the least degree the attractive for^ 1^6 
water, are sufficient again to withdpw^from the 
the materials absorbed by it, and which siinj>lyy6<|at^ 
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surface. By a slight addition of alkali to the water the 
colouring matter may be discharged from the charcoal 
which ,has been used to decolorise the fluid, and by 
treatment with alcohol, the quinine or strychnine ab- 
sorbed by charcoal froiji a fluid may be again extracted. 

The arable soil possesses, in these respects, the same 
properties as charcoal. Diluted liquid manure, of deep 
brown colour and strong smell, filtered through arable 
soil, flows ofi* colourless and inodorous ; and not merely 
does it lose its smell and colour, but the ammonia, 
potash, and phosphoric acid which it holds in solution, 
are also more or less completely* withdrawn from it by the 
soil, and this in a far greater degree than by charcoal. 
The rocks which by disintegration give ^ise to arable 
soil, if reduced to a fine powder, are just as little pos- 
sessed of this power as pounded coal. On the contrary, 
contact with pure water or water containing carbonic acid, 
deprives many silicates of potash, soda, and other consti- 
tuents, a clear proof that the former cannot possibly with- 
draw the latter from the water. There is no perceptible 
connection between the composition of a soil and its power 
of absorbing potash, ammonia, and phosphoric acid. A 
soil abounding in clay, with a small proportion of lime in 
it, possesses this absorptive power in the same degree as a 
lime soil with a small admixture of clay ; but the amount 
of huinus substances will alter the absorptive relation. 

Bjra closer observation we perceive that the absorptive ^ 
power of arable soil difiers in proportion to its greater or 
le^ porosity ; a dense, heavy clay soil and a loose sandy 
soil ppg^ss the absorptive power in the smallest degree. 

^hibre'can be no doubt that all the component parts of 
arafefe have a share in these properties, but only when 
th^ pok^ a certain mechanical condition, like wood or 
ilMni#;AaafCoal;^ and that this power of absorption 
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depends, as in charcoal, upon a surface attraction, which 
is termed a physical attraction, because the attracted 
particles enter into no chemicah combination, but retain 
their chemical properties.* 

The arable soil owes its fonnatipn to the disintegration 
of minerals and rocks, brought about by the action of 
mighty mechanical and chemical agencies. Though the 
comparison may not be altogether apt, the rock may be 
said to stand in about the same relation to the arable soil 
resulting from its disintegration as the wood or the vege- 
table fibre to the humus resulting from its decay. 

The same causes which in the course of a few years 
convert wood into humus act also upon rocks, with this 
difference, however, that it requires the combined action 
of water, oxygen, and carbonic acid, for probably a 
thousand years, to produce from basalt, trachyte, felspar, 
or porphyry, the thinnest layer of arable soil (such as is 
found in the plains of river valleys and low lands) with 
all the chemical and physical properties suited for the 
nutrition of plants. Sawdust possesses the properties of 
humus no more than powdered rocks have the properties 
of arable soil. No doubt sawdust may pass into humus 
and powdered stones into arable soil, but the two states 
are essentially distinct ; and no human art can imitate the 
operations which were necessary, during immense ages, 
to convert the divers kinds of rocks into arable soil. 

^ Arable soil, resulting from the disintegration of. various 
kinds of rocks, bears the same relation, in respect - of 
absorptive power for inorganic substances' in sqlutioPj* as 
the woody fibre altered by the action of heat bea^ to 
substances in solution. 

* The term, ‘physical attraotion,’ as used here, (toes a 
peculiar attractive force, but merely designates the 
Affinity, which shows differences of degree in its tnanifestall^i^^ 
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It has been stated, that from a solution of carbonate of 
potash or ammonia, or from^ a solution of phosphate of 
lime in carbonic acid water, the arable soil will withdraw 
the potash, ammonia, and phosphoric acidj without any 
chemical ^interchange with the constituents of the earth 
taking place. In this respect the action of arable soil is 
absolutely like that of charcoal. But it goes farther, for it 
is sufficiently powerful to sever the connection between 
the potash or ammonia and the mineral acid, for which 
they have the greatest affinity, the potash being absorbed 
by the soil just as though it were not combined with 
an acid. 

In this property arable soil is like animal charcoal, 
which, by means of the phosphates of the alkaline earths 
contained in it, decomposes many salts that are not 
affected by charcoals free from such phosphates ; and, 
without doubt, the lime and magnesia compounds in- 
variably present in arable soil have a share in this 
decomposing power which it possesses. 

We must suppose that the attractive force of the earthy 
particles would not in itself be strong enough to separate, 
for instance, potash from nitric acid, and that it requires 
the additional attraction of the lime or magnesia to de- 
compose the nitrate of potash. On the one side the soil 
attracts the potash, on the other the lime or magnesia in 
the earth attracts the nitric acid, and thus the combined 
attraction effects, as in innumerable instances in chemistry, 
a-separation which could not have been brought about by 
Rf Aple one* 

. r jfliie process of decomposition effected by arable soil 
dii^ only in one respect from the ordinary chemical 
pri^^^s, namely, that in the latter, as a general rule, no 
pqta^ is decomposed by an insoluble lime 

potash is thereby, made 
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insoluble and the lime soluble. There is evidently here 
some other attractive force at work, which alters the 
effect of chemical affinity. If a solution of phosphate of 
lime in water containing carbonic acid is filtered through 
a funnel fiUed. with earth, the uppermost lay^r of the 
earth first takes up the phosphoric acid or the phosphate 
of lime from the fluid. Once saturated therewith it no 
longer stops the free passage of the dissolved phosphate 
of lime which now reaches the layer beneath ; the latter 
then again becomes saturated in the same way, and thus 
by degrees the phosphate of lime is completely diffused 
throughout the earth in the funnel, so that every particle 
retains on its surface an equal proportion of this substance. 
If the phospliate of lime were of the colour of madder and 
the soil colourless, the latter would now actually present 
the appearance of a madder lake. Just in the same way 
potash is diffused through the soil when a solution of 
carbonate of potash is filtered through it ; the lower 
layers receive what the upper do not retain. 

There is no need of any special disquisition to show 
that the phosphate of lime contained in a particle of bone- 
earth is diffused in exactly the same way through arable 
soil, with this difference, that the solution of phosphate of 
lime in rain-water containing carbonic acid is effected at 
the very spot where the particle lies, and spreads thence 
downward and in aU directions. 

The potash and the silicic acid rendered soluble by 
disintegration, or by the action of water and carbonic acid 
upon silicates, are diffused through the soil in the 6toe 
way, so is ammonia also, which is conveyed m raiu^'^di.tei*, 
or is generated by the putrefaction of the azoti^ed 
tuents in the decayed roots from the successive 
of plants grown on a field. ^ ’ 

Every soil must therefore contsin potash, 
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and phosphoric acid in two different forms, namely, in 
chemiecf^l and in physical combination : in the one form, 
infinitely (^used over all the surface of the porous par- 
ticles of the soil ; in the other, in the shape of granules 
of phosphorite or apatite and felspar, very unequally 
distributed. 

In a soil abounding in silicate and in phosphate of lime, 
wliich has for thousands of years been exposed to the dis- 
solving action of water and carbonic acid, the component 
particles will be found everywhere physically saturated 
with potash, ammonia, silicic- acid, and phosphoric acid ; 
and it may occur, as in the case of the so-called Eussian 
black-earth, that the phosphate of hme dissolved but not 
absorbed is deposited again in concretions, or in p, crystal- 
line form in the subsoil. 

In this state of physical combination the alimentary 
substances are manifestly in the most favourable condition 
to serve as food for plants ; for it is clear that the roots, 
in all places where they are in contact with the soil, will 
find the necessary nutritive substances in the same state 
of diffusion and readiness as if these substances were in 
solution in water, but at the same time not movable of 
themselves, and retained in the soil by so slight a force 
that , the most trifling dissolvent cause brought to bear 
upon them suffices to effect their solution and transition 
into the plant. 

If it Js true that the roots of cultivated plants have no 
inherent power to overcome the force which retains"' 
together potash and silicic acid in the silicates, but that 
thqah ' el^feeHts of food only which are in physical com- 
bi^atiQn w^ the soil can be taken up and made avajj- 
nutriment, this explains the difference bet'^een 
cultiyated and uncultivated ground, or barren subsoil, 
^^othk^ can more certain than that the mech^cal. 
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treatment of the soil and the influence of tlte weather 
serve to strengthen the causes which bring aboi|l the 
disintegration and decomposition of the minerals, aihd the 
uniform distribution of the elements of food contained 
in them and rendered soluble. The elements chenucally 
combined in the minerals are released from that com- 
bination, and in the aral^e soil gradually resulting from 
this decomposition acquire the form in which they are 
available as food for plants. It is evident that only by 
degrees the rough ground can attain the properties of arable 
soil, and that the time required for this change depends 
upon the quantity of nutritive substances present, and 
upon the obstacles which oppose their distribution, or 
their disintegration and decomposition. The perennial 
plants, and particularly the so-called weeds, consuming in 
proportion to the time less food, and absorbing longer, 
will always thrive on a soil of this description long before 
annual or summer plants, which in their shorter period 
of vegetation require a far larger amount of nutritive 
substances for their full developement. 

The longer a soil is under cultivation, the more it 
becomes suited for the growth of summer plants, from 
the recurrence and operation of the causes by which the 
nutritive substances are converted from a state of chemical 
into one of physical combination. To be productive, in 
the fullest sense of the term, a soil must be able to afibrd 


food at all points in contact with the roots of the^j 
and, however small the quantity of this food may ;^^ It 
must necessarily be distributed through every part of 
soil. 

^The power of the soil to nourish 
therefore fn exact proportion to the guoMity 
substances which it contains in a state of phyUcai , 
tion. The quantity of the oth^r elements 
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chemiGal coHibination distributed through the ground, is 
also;^ghly important, as serving to restore the state of 
saturation, when the* nutritive substances in physical com- 
bination have been withdrawn from the soil by a series of 
crop reaped from it. 

Experience proves that the cultivation of deep-rooting 
plants, which draw their food principally from the subsoil, 
does not materially impair the fertility of the surface soil 
for a succeeding crop of cereal plants ; but the suc- 
cessive cultivation of the latter will, in a comparatively 
small number of yearlj r^der the soil incapable of 
yielding a remunerative crop. 

With most of our cultivated fields this state of exhaus- 
tion is mot permanent. If the ground is left fallow for 
one or more years, especially if it is well ploughed and 
harrowed during the time, it recovers the power of 
yielding a remunerative crop of cereal plants. 

Chjemical analyids leaves altogether unexplained the 
causes of this fact, so highly important to agriculture, and 
which has been fully established by the experience of 
several thousand years. If the reason be that cereal 
plants feed on those substances only which are in physical 
combination in the surface soil, then we. can easily under- 
stand the remarkable fact of a field recovering its power 
of production without any supply of manure ; for though 
themutriment in this form constitutes but a small portion 
of the soil by weight, yet it imparts nutritive qualities to a 
lai^e volume of it; and it is quite intelligible that a soil 
liqt originally rich in nutritive substances physically com- 
bine^, when drained of them by the innumerable under- 
^pufid/jibsOrptive organs of a plant, must very speedily 
unsm^^ for the cultivation of that plant. : 

/f ;|Tpw as the c soil is composed in the main of 

which a^^^^ with the constituents of 
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uncultivated ground, and as the agencies effecting the 
decomposition of these ingredients and the transposition 
of their constituents affording food to. plants are in 
constant operation, it is easy to conceive how, by the 
influence of such causes, an exhausted soil,^which is in 
fact nothing else than a soil reduced to its crude state 
previous to cultivation, must regain the properties which 
it had lost. With the conversion of a fresh portion of the 
food elements from a state of chemical to one of physical 
combination, the field recovers the power of affording 
food to a fresh vegetation ii;^ucll quantity that the crops 
are again remunerative to the agriculturist. 

An exhausted field which is again rendered productive 
by fallowing, may accordingly be defined as land deficient 
in physically combined nutritive substances necessary for 
a full crop, while containing an excess of such substances 
in a chemically combined state. The fallowing season, 
therefore, means the time in which Hhe nutritive sub- 
stances pass over from the one state to the other. It is 
not the amount of nutritive substances that is increased 
in fallowing, but the number of particles of their con- 
stituents capable of affording nutrition. 

What is here asserted of all the mineral nutritive sub- 
stances without distinction applies equally to every soil 
constituent required by the plant. The exhaustion of a 
field may often simply depend upon a deficiency of 
available silicic acid for the coming crop of cereal 
plants, while the other food elements may be super- 
abundant. 

It is evident from the nature of the processj tlm| if 
the soil is altogether deficient in disintegrable silicate ^ 
soluble earthy phosphates, the action of time, the pipugh, 
and the weather in fallow will not restore 
field, and that the effect of disintegrating, caus#^ 
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with the tithe they are in operation, and with the com- 
position of the different soils. 

It clearly results from the foregoing observations, that 
one the principal requirements of the practical farmer 
is to know the causes as well as the means whereby the 
useful nutritive substances present in his field, but not in 
a form available for nutrition, may be rendered diffusible 
and capable of doing their work. 

The presence of moisture, a certain degree of heat, and , 
free access of air, are the proximate conditions of those 
changes by which the nutritive substances in chemical 
combination are made available for the roots. A certain 
quantity of water is indispensable to transpose the soil- 
constituents when rendered soluble ; water, with the co- 
operation of carbonic acid, decomposes the silicates, and 
makes the undissolved phovsphates soluble and diffusible 
through the soil. 

The organic remains decaying in the ground afford 
feeble but long-continued sources of carbonic acid ; but 
without moisture no process of decay can take place. 
Stagnant water, again, which excludes the access of air, 
prevents the generation of carbonic acid ; and the pro- 
cess of putrefaction #s attended with the generation of 
heat, wherel)y the temperature of the soil is perceptibly 
increased. * 

By the aid of putrescent vegetable and animal remains, 
a field exhausted by culture will regain its fertility in 
a shorter time, and the use of farm-yard manure? in 
tiipe of fallow will promote the process. Thsi| dense 
shadow cast by a leafy plant tends to retain moisture 
longeri :in the ground, and thus increases the action of 
the 'disintegrating agencies during the fallow seasom 
. soil abounding in lime the putrdfectiye 

^ matter proceeds much more quickly 
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than in a clay soil ; the presence of the altoline ^th, 
under these circumstances, serving to oxidise the car- 
bonaceous matter, and to convert the amthdnia present in 
the soil into nitric acid. 

All kinds of lime, when lixiviated, give up nitrates to the 
water. Nitric acid is not retained by the porous earth, 
as is ammonia ; but it is carried down combined with 
lime or magnesia by the rain-water into the deeper layers 
of the soil. While the formation of nitric acid taking 
place in the ground is useful for plants which, like clover 
and peas, draw their food (here including nitrogen) from 
a greater depth, yet for this very reason fallowing has a 
less beneficial effect, with a view to the culture of 
cereal plants, upon a lime soil rich in animal remains ; 
for by the conversion of ammonia into nitric acid, and its 
removal, the ground becomes poorer in one of the most 
important elements of the food of plants. The case is 
conceivable that a field of the kind, if not^ cultivated for 
a number of years, may ultimately have its productive 
powers impaired by a deficiency of nitrogenous food in 
the sod. 

The cause of the exhaustion of a field by the culture 
of any plant is always, an(f undp* all circumstances, 
dependent upon a deficiency of one or more nutritive 
substances in those portions of the soil which are in con- 
tact with the roots. A field in which these portions are 
deficient in phosphoric acid in the state of physkrf cOm- . 
lunation j will be found unsuited for the production fbf a 
prope^i^rop, though it sh9uld contain abundance of avail- 
able potash and silicic acid. The same results will follow 
from a want of potash, even though phosphoric and silicio 
acids be plentiful; and equally so from a want 
aCi^ lime, magnesia, or iron, even where 
phosphoric acid are in abundanc^ 



MEANS POU CAUSINa UHB . JDiFFUSION OP POOD. 7t 

is not caused by the 
absoiiite deficiency of food elements, when even a more 
ihah adequate iJUpply of all the needful nutriment is there, 
but not in the proper form, and where consequently fal- 
lo'^g will again render the crop remunerative, the farmer 
has means at his disposal to assist the action of the natural 
agencies, whereby the conversion of the food elements 
into the state of physical combination is effected, and 
thus to shorten the fallowing season, or even in many 
instances to mahe it altogether superfluous. 

We have seen that the diffusion of earthy phosphates 
through the soil is effected exclusively by water, which, 
if containing a certain amount of caihonic acid, dissolves 
these earthy salts. 

Now, there are certain salts, such as chloride of sodium, 
nitrate of soda, and salts of ammonia, which experience 
has proved to exercise, under certain conditions, a favour- 
able action upon the productiveness of a field. 

^ These salts, even* in their most dilute* solutions, possess, 
like carbonic acid, the remarkable power o^ dissolving 
phosphate of lime and phosphate of magnesia ; and when 
such solutions are filtered through arable soil, they behave 
just like the solution of these phosphates in carbonic acid 
water. The earth extracts from these salt solutions the dis- 
solved earthy phosphates, and combines with the, l%tter. 

: OiJpon^^^^^ mixed with earthy phosphate in 

e;?i:ces^ these salt solutions act in the same way as upon 
eai^hy phosphates in the unmixed state, that is, they dis- 
solveia certain proportion of thq phosphates. v.; 

Nitrate of soda and chloride of sodium suffer, by the 
actipli bl arable soil^ a similar decomposition to that cil 
the^SBalts of potash. Soda is absorbed by the sOpy 'lkii 
hme or magnesia enters 
.qbaal&atio^ mi* .. 



78 


THE SOIL. 


■it 

If we compare tlie action of arable soil up^ salts of 
potash and salts of soda, we find that the soil has fat less 
attraction for soda than for potash ; so that the mme 
volume of earth which will suffice to remove all the pof^ 
ash from a solution will, in a solution of chloride Sf 
sodium or nitrate of soda of the same alkaline strength, 
leave undecomposed three-fourths of the dissolved chlo- 
ride of sodium and half of the nitrate of soda. 

If, therefore, a field exhausted by culture, which con- 
tains earthy phosphate scattered here , aiid there, is 
manured with nitrate of soda or chloride of sodium, and 
by the action of rain a dilute solution of these salts is 
formed, a portion of them will remain undecomposed in 
the ground, and must in the moist soil exert an influence, 
weak in itself, but sure to tell in the long run. 

Like carbonic acid generated by the putrefaction of 
vegetable and animal substances, and dissolving in water, 
these salt solutions become charged with earthy phos- 
phates in all places where these occur. Now when these 
phosphates diffused through the fluid come into contact 
with particles of the arable soil not already Saturated with 
them, they are thereby withdrawn from the solution, and 
the nitrate of soda or chloride of sodium remaining in 
solution again acquires the power of repeatedly exerting 
the same dissolving and diffusing action upon phosphates 
whiqji are not already fixed in the soil by physical attfiftC- 
tion, until these salts are finally carried down by rain^ 
water to the deeper layers of the soil, or are totally 
decomposed. ^ : 

It is well-known that chloride of sodium is pr^hf Ijh 
the blood of all animals, and that it plays a port 
proi^Saes ofi absorption and ^ secretion;; hence 
regard^ as indispensable for :theSe ’ f^ctfonsi 
also that nature has endowed f6dder-plai;|tSiiluifebiP ii^ 
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rootrplaii^j which serve more particularly as food for 
cattle, with a greater power of taking up chloride of 
sodium from the soil than is possessed by other plants ; 
a^d agricultural experience shows that the presence, 
of a sinall amount of common salt is favourable to the 
luxuriant growth of these plants. 

Of nitric acid, it is generally assumed that it may, like 
ammonia, serve to sustain the body of the plant. Thus, 
chloride of sodium and the nitrates act in two distinct 
ways : ong direct, by serving as food for the plant ; one 
indirect, by rendering the phosphates available for the 
purposes of nutrition. 

The salts of ammonia act upon, earthy phosphates in 
the same way as the salts just mentioned, *but with this 
distinction, that their power of dissolving phosphates 
is far greater ; a solution of sulphate of ammonia will 
dissolve twice as much bone-earth as a solution of an 


equal quantity of chloride of sodium. 

^However, as regards the phosphates in the soil, the 
action of the salts of ammonia can hardly be more 
powerful than that of chloride of sodium or nitrate of 
soda, since thg salts of ammonia are decomposed by the 
soil much more speedily, and often even immediately ; so 
thajj, as a general rule, no solution of such a salt can be 
said tO; be actually moving about in the soil. But as a 
cei^tam volume of earth, however small, is required to 
discompose a given quantity of saits of ammonia, the 
a^ctiob.; of those salts upon this small volume of earth 
m^ be ah th^^ powerful.^ While, then, the action 
of ammonia is barely perceptible in the somewhat 
4^!^ -jljljrs of the arable surface soil, that which they^ 
ihe uppermost layers is so^uch the stronger* 
observed that solutions of salts of ammonia 

even felspar, and take up 
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pOteh from the latter. Thus, by their contact with the 
arable soil, they not only enrich it with ammonia, but 
they effect, even in its minutest particles, a thorough 
^transposition of the nutritive substances required by 
plants. 

The vegetable and animal remains in a soil seem to 
exercise a remarkable influence upon the diffusion of 
silicates. The experiments made on this point show 
that the absorptive power of an arable soil for silicic 
acid is in an inverse ratio to the amount pf organic 
remains in it ; so that a soil rich in such remains will, 
when brought into contact with a solution of silicate "of 
potash, leave a certain amount of silicic acid unabsorbjed, 
whereas an equal bulk of soil poor in organic remains 
will take up the whole of the silicic acid in the solution. 
The incorporation of decaying vegetable and a-nimal 
matter will, therefore, in a soil containing disintegrable 
silicates, first of all accelerate the decomposition of the 
, silicates, by the action of the carbonic acid generated^ in 
the process of decay, and then, as these substances 
diminish the absorptive power of the soil for silicic 
acid, as soon as this acid has passed ^into solution, 
it is distributed • through the soil more widely than 
would have been the case had these substances not been 
present. 

On many fields poor in clay, the growth of grass for 
several years will, in«consequence of the organic matters 
coHecting in the soil, which serve to promote the distri- 
bution of the sihcic acid, act more favourably on a suo 
ceeding crop of a cereal plant than a plenti&l appiieala^ of 
»farm-yard manure, whose organic constituent^^guit^ip^ 
spective of the sili^jate of potash in 4ihe #traw> 
in operation to effect the same object. \ 
fields, especially on those abounding in lime* 
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is no actual deficiency of silicic acid, but the quantity 
present is not properly distribute Jihrough the soil, a 
dressing of pulverised turf-wastQ, often produces an 
equally favourable efiect on a succeeding cereal crop as 
a plentiful application of farm-yard manure. 

Deficiency or excess of soluble i^hcic acid in the 
ground is equally injurious to the growth of cereal 
plants. A soil which would answer very well for horse- 
tail or common reed {Arundo phragmites, plants abound- 
ing in silica) is not on that account equally well suited 
for the superior kinds^ of meadow grass, or for cereals, 
although these demand a rich supply of sihcic acid. 
Such a soil may be improved by drainage, which, by 
giving free access to air, decomposes and destroys the 
organic substances present in excessive quantity ; or it 
may derive benefit from a dressing of marl, or of burnt 
lime, slaked, or fallen to powder by moist air. 

Hydrated silicic acid loses its solubility in water by 
simple drying, and it frequently happens that the drainage 
of a marshy field will cause the siliceous plants (reeds and 
horsetail) to disappear. The action exerted upon the 
soil by hydrate of lime, or by Hme slaked or fallen to 
powder in the air, is twofold. On a soil rich in humus 
constituents the lime combines, in the first place, with 
the organic compounds present, which have an acid 
reaction ; it neutralises the acid of the soil, thereby 
causing the speedy disappearance of Any weeds, such as 
bog-moss (Sphagnum) and reed-grasses, which flourish 
in a sour soil of this kind. Simple contact with acids 
powerfiiUy promotes the oxidation of metals (copper, 
lead, iron), while contact with an alkali prevents it 
(iron coated with a dilute solution of carbonate of soda 
will not rust). Upon orgamc substances, the actiom is 
the veiy reverse.; acids prevent, and alkalia promote, 

Q 



82 


THE SOIL. 


oxidation or decay. Excess of lime causes tho aforesaid 
destruction of the hui^ose constituents. 

In the same degree as the acid humus, by the action 
of hme, disappears Trom the ground, the absorptive 
power of the latter for hydrated silicic acid is increased ; 
and the excess of this acid present loses its mobility in 
the soil.* 

The action of lime, as we see, is so complex, that from 
its favourable influence upon one field, it is scarcely ever 
possible to form an opinion of its probable action upon 
another field, the condition of which is unknown. This 
is possible only when the causes t)f its favourable action 
in the first case are clearly understood. 

When lime has improved the condition of a field, simply 
by neutralising the acid state of the soil, and destroying 
the injurious excess of vegetable remains, the farmer will 
in vain expect a favourable result from the application of 
lime in the following years, unless the same causes should 
recur which had originally impaired the fertility of the 
field. 

In a soil wherein there are putrescent and decaying 
substances not a single plant will thrive, except mush- 
rooms ; and it seems that every chemical process going on 
in the neighbourhood of roots disturbs that of their own. 
Decaying substances in excess, by generating too much 
carbonic acid, injure even those plants which thrive par- 

* In an experime^ made specially for the purpose, it was 
found that a litre (about a quart) of forest soil, containing 30 per 
cent, of humose constituents, absorbed from a solution of silicate 
of potash only 15 milligrammes of silicic acid. But the same soil 
mixed with 10 per cent, of washed chalk (carbonate of lime) ab- 
sorbed 1140 milligrammes; and when mixed with 10 per cent, 
of slaked lime instead of chalk, the absorptive power was indreased 
to such a degree, that a litre absorbed 8169 milligrammes of silicic 
aoid. 
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ticularty well in a humose soil containing a moderate 
quantity of humus.* 

Upon deep-rooting plants^ such as turnips, clover, san- 
foin, peas and beans, organic matters accumulating largely 
in the subsoil act very -injuriously, especially in clay, 
where they decay much more slowly than in a lime soil. 
The process of decay is communicated to the sickening 
roots, in which spores of fungi find a suitable soil for their 
developement. When turnips are thus affected, they be- 
come the prey of certain insects, which deposit their eggs 
in the roots, causing in their developement a strange 
alteration and disturbance of the vegetative process ; for 
in the diseased parts spongy tumours arise, the inner sub- 
stance of which becomes soft and emits a bad smell, and 
in this state serves to nourish the larva of the small fly. 

All these processes, however pbscure in themselves, are 
put an end to by applying lime to such a field ; a proper 
hme dressing will always attain this object. Fields that 
are particularly rich in organic remains require a much 
larger supply of lime than others, to effect their restora- 
tion to a healthy state. 

It is certain, that in aU such cases, the beneficial action 
of the lime is not attributable to an original deficiency of 
that body in the soil for plants growing on it ; for in that 
case, considering the rapidity with which it is diffused 

* Gasparini sowed a few grains of spelt in a pot with washed earth 
from Vesuvius ; th^se produced plants whiclAontinued to grow in a 
healthy state. In another pot, filled with the same earth, he introduced 
a piece of bread ; in this, all the roots in the immediate vicinity of 
the mouldering bread died away, and the other roots seemed to 
have tomed off towards the sides of the pot. It is clear that spelt 
would not grow in a soil copiously mixed with bread; and if the 
decaying roots left by a spelt crop have the same effect, it, i^ not 
difficult to conceive how the decaying remains which a plant leaves in 
the ground, may injuriously affect its own growth, or that of other 
plants. (Russell.) 
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through the soil, the eflfect would manifest itself very soon, 
and even in the course of the first year. But it takes 
several years before the favourable change in the condition 
of the soil is effected ; proving that the lime operates, not 
simply as food, but by producing an alteration in the soil, 
which requires time, that is, a succession of operations. 

On a drained marshy soil, in which lime has diminished 
the excess of hydrated silicic acid, a second application 
will not produce the same result, because the offensive 
substances, once removed, will not return ; while on a 
heavy, stiff clay or loam, the application may be repeatedly 
successful. These kinds of soil are thereby made more 
friable and richer in available potash. The nature of the 
change produced is most clearly shown in the hydraulic 
lime obtained by calcining native cement-stones (a hard 
marl). These cement-stones consist of a mixture of lime 
and clay, the former being in larger proportion than in 
calcareous clay soil. After burning, if it is stirred up 
with a large quantity of wa|er, the separated potash im- 
parts to the fluid all the properties of a weak lye. Clay 
which before calcination with lime refused to dissolve in 
acids, is, after calcination, soluble in acids to the whole 
extent of the silicic acid present. # 

A calcareous clay soil withdraws from a solution of 
silicate of potash much less potash after calcination than 
before, but a much larger quantity of silicic acid.* 

Besides the chei^cal agents mentioned here, which the 
farmer may employ to effect the proper dfstribution of the 
nutritive substances stored up in his field, and to make 

♦ At Bogenhausen, near Munich, loam was calcined in the air, and 
brought into contact with a solution of silicate of potash : before 
calcination, a litre of this earth took up 1148 milligrammes of potash, 
and 2007 milligrammes of silicic acid ; after calcination, ^no potash, 
and 8230 milligrammes of silicic acid. . ^ 
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the earthy phosphates, the potash, and the silicic acid 
available to the roots of the plants, he further improves 
his land by the mechanical operations of agriculture, and 
by removing from the soil all obstacles that hinder the 
spreading of the roots, as well as those injurious agencies 
which interfere with their normal activity, or endanger 
their healthy condition. 

The effect produced by breaking up the ground by 
plough, spade, hoe, harrow, and roller, depends upon the 
fact, that the roots of plants go in search of their food ; 
that the nutritive substances have no locomotion of their 
own, and cannot of themselves leave the place in which 
they are. The root, as if it had eyes to see, bends and 
stretches ih the direction of the nutriment ; so that the 
number, thickness, and direction of its filaments indicate 
the precise spots where they have obtained food.* 

The young root forces its way, not like a nail driven 
with a certain force into a plank, but by the addition of 
successive layers, which increase its mass from within 
outwards. 

The new substance, which lengthens the extremity of 
the root, is in contact with the soil. The newer the cells 
forming at the extremities, the thinner are their walls ; 
as they grow older, the cell-walls thicken, and their outer 
surface, becoming more woody, is coated in many cases 

* Pieces of bone are often found completely enclosed by a network 
of turnip-roots. It is difficult to understand how this could have been 
accomplished otherwise than by an attraction between the spongioles and 
the substance of the bone. The cells, or their contents, are incessantly 
attracted by the fresh surface of a substance, for which the contents 
have a chemical attraction. 

It is owing to this attraction that the roots wind round th^||i|plece of 
bone ; they form a root-ball rolled, not from without, but front will»n, 
by the new cells constantly formed upon contact with a substance for 
which they possess a chemical attraction. (Russell.) 
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with a layer of corky substance, which, being impene- 
trable by water, affords, to the soluble matter deposited 
within, some protection against osmotic influences. 

Absorption of nutriment from the soil is effected by 
the extremities of the roots, whose fluid contents are 
separated from the earthy particles around them by an 
exceedingly thin membrane alone ; and the contact of 
the two is the more intimate, as the root-fibre during its 
formation exerts upon the earthy particles a pressure suf- 
ficiently powerful, under certain circumstances, to push 
them aside. The evaporation of water from the leaves 
produces a vacuum within the plant, whereby a draught 
is created, which powerfully assists the contact of the 
moist earthy particles with the ceU-wall. The cell and 
the earth are pressed against each other. Between the 
fluid contents of the cells and the nutritive substances 
physically combined in the earthy particles, there mani- 
festly exists a strong chemical attraction, which, with the 
cooperation of carbonic acid and water, causes the trans- 
ference of the incombustible matters into ' the system of 
the plant. 

By the powerful chemical attraction of any body, we 
understand its entering into a chemical combination, in 
which it loses its original properties and acquires new 
ones. In the case of potash, lime, and phosphoric acid, 
such a combination must take place immediately upon 
their passage into the cell ; for, as already stated, the sap 
of the roots is always slightly acid. In the sap of the 
root-shoots of the vine, we can always detect bitartrate of 
potash ; in that of others, oxalate or citrate of potash, or 
tartrate of lime ; but we never find these base$ combined 
in sucjj^ saps with carbonic acid, nor can phosphate of 
hme or magnesia be detected. If - the fresh sap of the 
potato-tuber is mixed with ammonia, no precipitate of 
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phosphate of magnesia and ammonia is produced ; but 
this precipitate makes its appearance as soon as the 
fermentation of the sap has destroyed the (azotised) 
substance with which the phosphate of magnesia is com- 
bined. 

Careful mixture and distribution of the nutritive sub- 
stances present in the soil, are the most important means 
of rendering them effective. 

A piece of bone, weighing half an oimce, placed in a 
cubic foot of earth, has no perceptible inlluence upon its 
fertility ; but when uniformly distributed and physically 
combined with the minutest particles of the same earth, 
it attains a maximum of efficacy. The influence of the 
mechanical operations of agriculture upon the fertility of 
a soil, however imperfectly the earthy particles may be 
mixed by the process, is remarkable and often borders 
upon the marvellous. The spade, which breaks, turns, 
and mixes the soil, makes a field much more fruitful than 
the plough, which breaks, turns, and displaces the earth, 
without mixing it. The effect of both is increased by the 
harrow and the roller, so that, in the very same places 
where a crop has grown during the preceding year, a 
fresh crop will find nutriment ; in other words, the earth 
is not yet exhausted. 

The action of chemical agents in distributing the food- 
elements of plants is still more powerful than that of the 
mechanical. By applying, in proper quantities, nitrate of 
soda, salts of ammonia, and chloijde of sodium, the 
farmer not only enriches his field with materials capable 
of taking part in the nutrition of plants, but, he also 
effects a distribution of the ammonia and potash^ thereby 
replacing or aiding the mechanical work of the .plough, 
and the influence of the weather in the time of fallow! 

We are in the habit of calling ‘ manures ' all those 
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materials which, when applied to our fields, increase the 
crops ; but the same eflect is produced by the plough. 
It is evident that the mere fact of a &vourable influence 
exerted by chloride of sodium, nitrate of soda, salts of 
ammonia, lime, and organic matter, affords no conclusive 
proof that these have acted as nutritive substances. The 
work performed by the plough may be compared to the 
mastication of food by those special organs with which 
nature has endowed animals ; and nothing can be more 
certain than that the mechanical operations of agriculture 
do not add to the store of nutritive substances in a field, 
but that they act beneficially by preparing the existing 
nutriment for the support of a fixture crop. With equal 
certainty we know that chloride of sodium, nitrate of 
soda, salts of ammonia, humus, and lime, beside the 
action peculiar to their elements, perform also a kind of 
digestive function comparable to that of the stomach in 
animals, and in which they may partly replace each 
other. These substances, therefore, act beneficially upon 
those kinds of soil only in which there is a defect, not in 
the quantity, but in the form and condition of the nutri- 
tive elements ; and they may accordingly in their perma- 
nent action be replaced by a mechanical comminution, or 
exceedingly fine pulverisation of the soil. 

The true art of the practical farmer consists in rightly 
discriminating the means which must be applied to make 
the nutritive elements in his field effective, and in dis- 
tinguishing these means from others which serve to keep 
up the durable fertility of the land. He must take the 
greatest care that the physical condition of his ground be 
such as to permit the smallest roots to reach those places 
where nutriment is found. The ground must not be so 
cohesive as to prevent the spreading of the roots. 

In a stiff, heavy soil, plants with flue, slender roots will 
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never thrive well, even though the supply of nutritive 
substances be ample; and in these circumstances, the 
beneficial influence of green manure and fresh stable 
dung is unmistakeable. The mechanical condition of the 
soil is, in fact, altered in a remarkable way by the 
ploughing in of plants and their remains. A stifi* soil 
loses thereby its cohesion, becoming more friable and 
crumbling, than it would be by the most diligent plough- 
ing. In a sandy soil, on the other hand, a certain cohesion 
is hereby produced. Every stem and leaf of the green- 
manure plants ploughed in, opens up, by its decay, a 
road by which the delicate roots of the cereals may 
ramify in all directions to seek their food. Here, too, 
we must always remember, that the effect calculated to 
be produced is a question of degree. In many fields, the 
roots left in the soil of a fine crop of green forage plants 
will suffice to improve a succeeding cereal crop ; and a 
field from which a crop of lupines has been taken, may 
possibly give as fine a succeeding cereal crop as a 
field of equal extent in which the lupines have been 
ploughed in. 

AH these observations tend to show the great import- 
ance of the mechanical conditions which impart fertility 
to a soil not originally deficient in the means of nourish 
ing plants ^ and that a comparatively poorer but well- 
tilled soil, if its physical condition is more favourable for 
the activity and developement of the roots, may yield a 
better harvest than richer land. In like manner, it often 
happens that the cultivation of a bulbous plant renders 
the ground better suited for a following cereal, and that 
a winter crop succeeding a green forage plant, turns out 
aU the better, the. richer the previous green forage crop 
has been, or rather the roots left by it. 

Glover and turnips act favourably upon a succeeding 
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winter crop, as their long hardy roots move the subsoil, 
which is inaccessible to the plough, and open it for the 
roots of wheat. Here the favourable influence upon the 
physical condition of the soil far outweighs, for the wheat- 
plant, the injurious effect of the decrease in the quantity 
of the chemical conditions resulting from the previous 
turnip and clover crops. Facts of this nature have but 
too often misled practical agriculturists to surmise that the 
physical condition is everything, and that a thorough 
working and pulverisation of the soil will suffice to 
command a good crop. These views, however, have 
always been refuted by time ; and all we can consider 
established is this, that for a series .of years the restoration 
of a proper physical condition in the soil is as important 
for the productiveness of many fields as manuring, and 
often more so. 

The influence of a proper physical condition of the soil 
upon the produce can hardly be more convincingly proved 
than by the facts which agriculture has derived from the 
drainage of land, under which we comprise the removal 
of the subsoil water to a greater depth, and the quicker 
withdrawal from the arable soil of the portion circulating 
in it. A great many fields unsuited, by their constant 
humidity, for the cultivation of cereal plants and the 
superior kinds of forage grasses, have been reclaimed by 
drainage, and made fit to produce food for man and beast. 
When the farmer, by means of drainage, keeps within 
bounds the amount of water in his fields, he controls its 
injurious influence at all seasons ; and by the speedier 
removal of the water, which soaks the earth and destroys 
its porosity, a path is opened for the air to reach the 
deeper layers of the ground, and to exercise upon these 
the same beneficial influence as upon the surface soil.' ^ 

In winter, the earth at a depth of 3 or 4 feet is W^rtner 
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than the external atmosphere ; hence the air coming up 
from the drain-pipes may contribute to keep the tempera- 
ture of the arable surface higher than it would be without 
this current of air. The air in the drains is generally 
richer in carbonic acid than is the case with atmospheric 
air. 

The effect which drainage produces upon the fertility 
of land may in itself be deemed a proof that plants 
cannot derive their food from the water moving about in 
the soil. This view is strongly supported by the analysis 
of well, drain, and spring water. (See Appendix D.) 

The drainage-waters contain all the substances which 
the rain-water, percolating the surface soil, is capable of 
dissolving : they contain various salts in trifling propor- 
tions, and among these mere traces of potash ; ammonia 
and phosphoric acid are generally absent. In analyses 
specially made for this purpose, Thomas Way found that 
in four (drainage) waters no appreciable quantity of potash 
could be detected in 10 pounds of water; thr&e other 
waters were found to contain from 2 to 5 pounds of 
potash in 7,000,000 pounds of water. In three waters 
no appreciable quantities of phosphoric acid could be 
discovered : four other waters were found to contain 6 to 
12 pounds of phosphoric acid, and 0*6 to 1*8 pounds of am- 
monia in 7,000,000 pounds of water. In a similar series 
of analyses, Krocker found that in six drainage-waters 
no appreciable traces of phosphoric acid or ammonia 
could be detected ; while four other drainage-waters 
were found to contain not above 2 parts, and two others 
severally 4 and 6 parts of potash, in 1,000,000 parts 
of water. 

The facts now stated are corroborated by a series of 
direct and most instructive experiments made by Dr. Fraas, 
to ascertain what substances the rain falling in -the six 



92 


THE SOIL. 


summer months takes up from the surface soil and carries 
down into the deeper layers. 

In lysimeters^ or underground rain-gauges specially con- 
structed for the purpose, a collection was made of the 
rain-water, which trickled through a layer of earth, 
6 inches deep by 1 square foot in transverse section, from 
the 6th April to the 7th October. The rain-gauge kept 
at a neighbouring observatory indic>ated, up to the 1st 
October, a fall of rain amounting to 480*7 millimetres 
(18*75 inches).* 

Four lysimeters were filled with the same earth taken 
from the subsoil of the stiiT clay at Bogenhausen ; in two 
of them (m. and IV.) the earth was . manured with 
2 pounds of cow’s dung; the other two were left uil- 
manufed. Nos. II. and lY. were sown with barley. 

Calculated upon a square metre (10*75 square feet) of 
ground, the following were found to be the quantities of 
water that had passed through. Dr. Zoeller determined 
the amount of soluble substances contained in the water ; 
the quantities of phosphoric acid and ammonia were too 
small to be appreciable : — 



Lysimeter 


^ L 

unmanored : 
and without 
vegetation 

u. 

unmanured : 
sown with 
barley 

III. 

manured : 
without 
vegetation 

iv: — s 

manured : 
sown with 
barl^ 

Quantity of perco- 
lated water* 

Litres Pints 
218 = 383-68 

Litres Pints 
213 = 374-88 

Litres Pints 
304 = 636 

Litres Pintss 
144=263-6 

Quantity of potash 
contained . 

Grains. Grains 
0-616 = 8-0 

Grams. Grains 

0-434 = 6-7 

Grams. Grains 
1-266 = 19-6 

Grams. Grains 
0-662 = 8-6 

Or, per hectare, of 

2^ acres 

Kilogr. lbs. avr. 

6-16 = 11-36 

Eilogr. lbs. avr. 

4-34 = 9-6 

EUogr. lbs. avr. 
12-66=27-8 

Eilogr, lbs. avr. 
6-62 = 12-1 


♦ . The lysimeter consisted of a square box, open at ' the top, closed 
at the bottom ; at a depth of six inches from the open top a sieve was 
inserted, from which, up to the rim, the box was filled with earth. 
The rain falling upon a square foot of aur&ce, and trickling through 
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In lysimeters I. and 11. nearly the same Quantities of 
water percolated through the earth; in the two others 
the difference is great ; the two former alone, therefore, 
admit of comparison as ijpgards the solvent power of the 
water. 

These experiments show that less than one-half of the 
rain falling on the field under the given conditions, reached 
a depth of 6 inches ; and that, calculating for 1 million 
parts of water, the unmanured soils I. and II. gave re- 
spectively 2*37 and 2*03 pounds, the manured soils III. 
and IV. 5 ’46 and 3 ’82 pounds of potash. The quantities 
of potash in the manured soils do not exceed the average 
quantity of potash found in drainage-water (Krocker). 

The barley grown in the earth of lysimeter 11. produced, 
per square mtoe, 137*3 grammes (2120 grains) of barley- 
corns, and 147*9 grammes (2272 grains) of straw, con- 
taining in their ashes (the corns in 2*47 per cent, the 
straw in 4*95 per cent of ash) : — 

In the corns . . 0*823 grammes 12*6 grains of potash 

„ straw . . 1*410 ,, 21*8 „ „ 

Total • 2*233 ,, 34*4 ,, ,, 

The quantity of potash absorbed by the water jfrom 

the (earth in the first lysimeter, which was not sown 
with barley, amounted altogether to 0*516 gramme 
(8*0^ grain) ; in the second lysimeter to 0*434 gramme 
(6*7 grains). The difference is 0*082 gramme (1*3 grains). 
If we think ourselves warranted in concluding from this, 

the sii inches of earth, was collected beneath the sieve, in the. box. 
The box was buried in an open field, up to the border, so that the 
earth in it was level with the surface of the field. Two lysimeters were 
filled with lime soils from the banks of the Isar ; bul^ one of them 
broke, and the water could not be collected : hence the results obtained 
from the other lost their injportance^as a comparative experiment. 
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that* the dftninution in the quantity of potash in the 
water of the second lysimeter resulted from its absorption 
by the roots of the barley, we should be necessarily led to 
infer that the plants received — 

By the agency of the percolating water 0*082 grammes 1*3 grs. 
Direct from the soil . . . 2*151 „ 33*2 „ 

Total . . 2*233 ,, 34*5 ,, 

and, accordingly, 96*4 per cent, direct Irom the soil, and 
3*6 per cent, from the water ; that is, 27 times more from 
the former than from the latter. 

Let us now assume, from the results obtained with the 
third lysimeter, which was filled with earth richly 
manured with cow-dung, that the rain-water falling on a 
surface of one hectare (2^ acres) of land, dissolves, out of 
a layer of arable surface soil 6 inches deep, 12*65 kilo- 
grammes (27*8 lbs.) of potash ; and let us compare with 
this the quantity of potash withdrawn irom a hectare of 
ground by a potato or turnip crop. We know that an 
average potato crop from a hectare contains in the 
tubers 204 kilogrammes (449 lbs.) of ash, of which 100 
kilogrammes (220 lbs.) are potash ; and an average 
turnip crop, 572 kilogrammes (1258 lbs.) of ash, of 
which 248 kilogrammes (545 lbs.) are potash ; and we 
easily perceive that, even had the entire amoimt of the 
potash dissolved by the rain been conveyed into the 
plants to 'serve as food, yet this would be sufficient to 
supply, with the necessary potash, only the eighth part of 
the potato tubers and the twentieth part of the turnips 
severally produced on a hectare of land. The amount of 
potash in the percolated water shows the quantity of 
potash which the water could possibly absorb ; and as 
comparatively but a small portion of the percolating 
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water comes in contact with the roots of the plants, and 
can give up potash to them, it is clear that the constituents 
of the solution moving about in the soil have but a very 
trifling share in the process of nutrition, while the absence 
from it of ammonia and phosphoric acid is of itself suffi- 
cient to prove that these materials in the soil cannot 
change their place. The ground must contain a certain 
amount of moisture to be able to furnish food to plants ; 
but it is not necessary for their growth that the water 
should be free to move about. It is well known that 
stagnant water in the soil is injurious to most of the cul- 
tivated plants ; and the favourable effect upon their 
growth produced by draining just depends on this, that 
an outlet is opened to the water moving by the force 
of its own gravity, and the earth is moistened by that 
water only which is retained by capillary attraction. 

If we regard the porous earth as a system of capillary 
tubes, the condition which must render them best suited 
for the growth of plants is unquestionably this, that the 
narrow capillary spaces should be filled with water, the 
wide spaces with air, and that all of them should be 
accessible to the atmosphere. Jn a moist soil of the kind, 
affording free access to atmospheric air, the absorbent 
root fibres are in most intimate contact with the earthy 
particles ; the outer surface of the root-fibres may here 
be supposed to form the one, the porous earthy particles 
the other wall of a capillary vessel, the connection between 
them being effected by an exceedingly thin layer of water. 
This condition is equally favourable for the absorption of 
fixed and of gaseous elements of food. If, on a dry day, 
a wheat or barley-plant is cautiously pulled up from a 
loose soil, a cylinder of earthy particles is seen to adh^e 
hke a sheath round every root-fibre. It is from these earthy 
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particles that the plant derives the phosphoric acid, 
potash, silicic acid, &c., as well as the ammonia. These 
substances are introduced into the plant by means of the 
thin layer of water, the molecules of which are in motion 
only in so far as the roots exercise an attractive power 
upon them. 

From the composition of spring- water, and the water 
of brooks and rivers, every single drop of which has been 
in contact with rocks, or with the soil of forests and fields, 
we see what exceedingly minute quantities of phosphoric 
acid, ammonia, and potash are taken up by water from 
the earth. In the analysis of water taken from six 
different springs, Graham, Miller, and Hofmann found 
no appreciable traces of ammonia and phosphoric acid. 
In the water of Whitley, there was, in 37,000 gallons 
(370,000 pounds English), 1 pound of potash, or 1 kilo- 
gramme in 135 cubic metres : just the same in 38,000 
gallons from the Critchmere spring ; in 32,000 gallons 
from Velwool ; in 145,000 ^llons from Hindhead; in 
55,000 gallons from the Hasford Millbrook ; and in 
17,700 gallons from the spring near Cosford House. The 
water of the Brunthal spring, near Munich, which is used 
for drinking in a large portion of the city, contains no 
ammonia, no phosphoric acid, and in 87,000 pounds, 

1 pound of potash. 

From these and other analyses of spring, well, and 
drainage water, we are not warranted in concluding that 
potash, ammonia, and phosphoric acid are deficient in the 
water of all springs, brooks, and rivers ; on the contrary, 
it is quite certain that the water in maiiy marshes contains 
both potash and phosphoric acid in notable quantities.* 

* 

* Thus a litre (T76 pints) of water taken from an artificial pond in 
the Botanic Garden at Munich, left a residue of 0*425 gramme 
(6*5 grains), which contained, in 100 pai*ts 

ik 
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The presence of potash* phosphoric acid, iron, and 
sulphuric acid, in the water of stagnant pools, is easily 
explained. 

In a stagnant pool or bog are gradually collected the 
remains of dead generations of plants, the roots of which 
have drawn a quantity of mineral matter from a certain 
depth of the soil. These vegetable remains undergo 
decomposition at the bottom of the pools, and their 
inorganic, elements, or ash-constituents, are dissolved by 
the aid of carbonic acid, and perhaps also of organic 
acids. They remain dissolved in the water, when the 
surrounding mud and the earth in contact with this 
solution have been completely saturated with them. 

Scherer found in the three wells at Brlickenau all the 
substances contained in the water above-mentioned, of 
the Botanic Garden pond, besides acetic, formic, butyric 
and propionic acids. The mountains all around Briickenau 
are formed of variegated sandstone {Biinter sandstein ) ; 
the vegetation of the whole surrounding country is most 
luxuriant, resembling tlie primeval forests ; there are 
numerous oak-lands and beech-lands, with trees nearly 
a thousand years old. Hence Scherer is led to attribute 
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the composition of the well-water at Briickenau to the 
solvent action of rain percolating through a humose soil, 
rich in decaying -vegetable substances. (‘ Annal. der Chem. 
und Pharm.’ i. c. 285.) 

It is clear that wherever conditions have been at work 
similar to those under which the bog- water yi the Botanic 
Garden of Munich and the wells of Briickenau have been 
formed, the water found on the surface of the earth, in 
pools, springs, or brooks, will contain in the most varying 
proportions nutritive elements useful to plants, such as 
phosphoric acid and potash, which are not found in other 
waters. In like manner, an arable soil rich in vegetable 
remains, in which, from the processes of decay incessantly 
going on, products of an acid character are generated, 
will be able to give up, to the raifi-water percolating 
through it, phosphoric acid and alkalies, which are thus 
carried down to the deeper layers, and appear in the 
drainage water. The quantity of these substances dis- 
solved in the water will depend upon the condition of the 
soil on which the plants grow, the ash constituents of which 
are carried away by the rain-water, from their deca 3 dng 
remains. Where the ground is rocky, covered with a 
thin coating of earth and a thick clothing of foHage, the 
water which runs off wiU carry down to the lower layers 
all the more fixed elements of vegetable food, in propor- 
tion as the layer of earth itself retains less of them. The 
finer earthy particles of such a soil, washed away by 
heavy rains, are carried down by torrents to the valleys 
and low .lands, and form a soil of all degrees of fertihty 
according to their chemical condition, which determines 
their power of absorbing dissolved nutritive substances. 
But these layers of earth formed from the mud borne 
down by the torrents will always either be saturated, or 
gradually become saturated with the nutritive substances 
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contained in the water, from which they are deposited. 
This, perhaps, explains the difference in the fertihsing 
effects of the waters used for irrigating meadows, which 
must necessarily vary very much according to the source 
of th« water ; that which has collected on hills covered 
with a rich vegetation, or has been derived from over- 
flowing stagnant pools, will doubtless convey manuring 
matters to the meadow-lands ; whilst water flowing from 
bare mountains cannot, in this particular respect, exert 
any action upon the increase of the grass crop. If such 
increase takes place notwithstanding, the cause must be 
sought elsewhere. 

In many places bog-soil, and the mud from ditches, 
stagnant waters and ponds, are highly esteemed as 
fertilising agents ; and their influence is explained by the 
fact, that their smallest particles are saturated with 
manuring matters, or elements of the food of plants. 
The same remark appMes to the fertility of many tracts 
of cleared wood-land, where the soil for forty or eighty 
years, or even longer, has received from the layer of 
fohage and vegetable remains decaying on it, a certain 
supply of ash-constituents, drawn from a great depth, 
which are retained by the upper layers of the porous soil, 

and serve to enrich it. 



The injury done to wood-lands by raking away the 
leaves cannot be explained merely upon the assumption 
that the soil is deprived of its ash constituents, which are 
taken away with the foliage ; for, in themselves, the fallen 
leaves and twigs are poor in nutritive substances, especially 
potash and phosphoric acid ; and besides, these elements 
do not reach the deeper layers of the soil, where they 
might be again absorbed by the roots. The injuiy is, 
perhaps, rather attributable to the fact, that the rSnains of 
leaves and plants constitute a lasting source of carbonic 
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acid, which, carried by rain to the deeper layers, must 
powerfully contribute to disintegrate and decompose the 
earthy particles. In a dense wood, where the air is more 
rarely renewed than in the open plain, this supply of 
carbonic acid is important ; moreover, the thick carpet of 
leaves protects the ground from being dried by the air, 
and maintains it in a permanent state of moisture, par- 
ticularly useful to fohaceous trees, which exhale from 
their leaves larger quantities of water than the coniferous 
plants. 

To understand the operations of agriculture, it is indis- 
pensably necessary that the farmer should have the 
clearest knowledge of the manner in which plants derive 
their nutriment from the soil. 

The opinion that the roots of plants extract their food 
immediately from those portions of the soil which are in 
direct contact with their absorbent surfaces, does not 
imply that potasli, lime, or phosphate of lime, in the sohd, 
undissolved state can penetrate the membrane of the 
cells ; * nor does it imply that the nutritive substances 


* If a glass vessel is filled to the brim with water, in which are a 
few drops of hydrochloric acid, and covered closely with a piece of 
bladder, so that the water moistens the bladder and no air is left 
between them, and the outside of the bladder is^ carefully dried, it 
may then be seen how a solid body, without the cooperation of a fluid 
from the outside, can make its way through the bladder to the water in 
the glass. For if a little chalk or finely-pulverised phosphate of lime 
is strewed upon the dried outer surface of the bladder, the powder will 
disappear in the course of a few hours, and the usual reactions will 
show the presence of lime and phosphate of lime in the fluid. 

Of course the passage of the carbonate and phosphate of lime in the 
solid state through the bladder into the water, is only apparent. Both 
salts are dissolved in the pores of the membrane where they come in 
contact with the acidulated water, and as the evaporation of the water 
from the flladder somewhat diminishes the inner pressure as compared 
to "the outer, the stronger outer pressure, assisted by the solvent power 
of the water, forces the solution inward. 
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held in solution by the water moving about in the soil 
may not, under certain circumstances, be absorbed by the 
roots of the plants. But it is based upon the assumed 
fact, that the roots receive their food from the thin layer 
of water which, retained by capillary attraction, is in 
intimate contact with the earth and with the root surface, 
and not f^m more remote layers of water ; that between 
the root surface, the layer of water, and the earthy par- 
ticles, a reciprocal action goes on, which does not take 
place between the water and the earthy particles alone. 
It also assumes as probable, that the nutritive substances 
adhering, in a state of exceedingly minute division, to the 
outer surface of the earthy particles, are in direct contact 
with the fluid of the porous absorbent cell- walls, by means 
of a very thin layer of water ; and that the solution of 
the solid 'elements* is effected in the pores of the cell- 
walls, whence they pass immediately into the system of 
the plant. 

The facts in support of this view, briefly recapitulated, 
are as follow : The roots of all land-plants, and of most 
marsh- plants, are in direct contact with the earthy 
particloe. These particles of earth have the power of 
attracting the most important elements of food conveyed 
to them in watery solution (such as potash, phosphoric 
acid, silicic acid, ammonia), and of retaining them, just as 
charcoal retains colouring matters. In most cases that 
have been investigated it has been found that the water 
moving about in the ground extracts from the soil 
scarcely any appreciable quantities of amlnonia, no phos- 
phoric acid, and potash in such -trifling quantities, that all 
these together are quite insufficient to afford tfie requisite 
supply of these elements to the plants growing in the 
field. 

Water stagnant in the ground, so far from promoting 



102 


THE SOIL. 


the absorption of food, injures the growth of land- 
plants. 

If plants really did receive the elements of their food 
from a solution which could change its place in the soil, 
then all drainage waters, spring, brook, and river waters, 
must contain the principal nutritive substances of all 
plants ; and it must be quite practicable, byt;ontinued 
hxiviation, to extract from every arable soil, withoilt dis- 
tinction, all the nutritive substances, either entirely, or 
at least in amount corresponding to the quantity con- 
tained in a crop. But, in reality, this is not practicable. 
By the action of water, the field loses^ none of the prin- 
cipal conditions of its fertihty, in such a degree as per- 
ceptibly to impair the growth of plants cultivated on it. 

For thousands of years, all fields have been exposed to 
the lixiviating action of rain-water, without losing their 
powers of fertility. In all parts of the earth, where man 
for the first time draws furrows with the plough, he finds 
the arable crust, or top layer of the field, richer and more 
fertile than the subsoil. The fertility of the ground is 
not diminished by plants growing thereon ; not until the 
plants are removed from the ground does it giaduaUy 
lose its fruitfulness. 

The opinion that some cause is at work within the 
plant itself, which seems to render soluble certain ele- 
ments of food, and make them available for nutrition, is 
not contradicted by the experiments of Knop, Sachs, and 
Stohmann, who have shown that many land-plants, with- 
out touching a particle of earth, may be brought to 
flowering and seed-bearing in water, to which the mineral 
elements of food have been added. These experiments, 
which have thrown conSderable light upon the physiolo- 
gical importance of the several nutritive substances (see 
Appendix E.), merely prove how admirably the ground is 
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adapted to the requirements of plants, and how much 
human ingenuity, knowledge, and minute care, it takes to 
supply, under circumstances dijBfering so widely from the 
natural condition, certain properties of arable soil, which 
insure the healthy growth of plants. . * ^ 

If the supply of nutritive substances in a state of solu- 
tion were really suited to the nature of the plant and 
the -functions of the roots, it would follow that in such a 
solution, most abundantly provided with all the elements 
of food in the most movable form, plants must thrive 
the more luxuriantly the fewer the obstacles are which 
oppose their absorption of food. 

A young rye-plant, placed in a fertile soil, wiU often 
send forth a bunch of thirty or forty stalks, each of them 
bearing an ear, and will yield a tliousandfold crop of 
grains, or even more ; yet this plant draws its mineral food 
from a volume of earth, from which the most persevering 
lixiviation with pure water, or water containing carbonic 
acid, will not extract even the one-hundredth part of the 
phosphoric acid and nitrogen, nor the fiftieth part of 
the potash and the silicic acid, which tlie plant has drawn 
from the soil. How is it tlien possible, under such cir- 
cumstances, to assume that water alone would have suf- 
ficed, by virtue of its solvent power, to render available 
to the plant all the substances found in it ? 

Hone of the plants grown in watery solutions of the 
mineral elements of their food, even though thriving 
luxuriantly, will bear the remotest comparison, in the bulk 
of vegetable matter produced, with jJants grown in a 
fertile soil ; and the entire process of developement in them 
proves that the conditions of thriving growth in the soil ‘ 
are quite of another kind. # 

The greatest weight of crop obtained by Stohmann 
from an Indian corn plant grown in water amounted to 
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84 grammes ; while he obtained from another Indian corn 
plant grown in the soil, at the same time and from the 
same seed, a crop weighing 346 grammes. In Knop’s 
experiments, the dry weight of two Indian com plants, 
the one^ grown in water, the other in the soil, was found 
to be as 1 : 7. 

The water circulating in the soil contains chloride of 
sodium, lime, and magnesia — tlie two latter in combina- 
tion partly with carbonic acid, partly with mineral acids ; 
and there can hardly be a doubt but that the plant 
absorbs a portion of these substances from the solution. 

• The same must apply equally to potash, ammonia, and 
the dissolved phosphates ; but the water circulating in the 
soil, in a normal condition, either does not hold the three 
last-named substances in solution, or not in sufficient 
quantities to supply the demands of the plant. 

According to the ordinary rules of natural science, 
when we seek to explain a phenomenon, we leave out of 
view those cases in which the conditions superinducing 
the phenomenon are clear and patent. For instance, if 
we find in bog-water all the ash-constituents of duck- 
weed, there can be no doubt about the form in which 
they passed into the plant ; they were dissolved in, water, 
and they were absorbed in a soluble state. In such a 
cas6, we have merely to explain the reason why the 
several ash-constituents, being all present in one and the 
same form, have yet passed into the plant in unequal 
proportions. 

If, in another case, we find that the rain-water which 
falls on a given area of land, dissolves out of the soil many 
times more potash than was contained in a crop of turnips 
grown on that area, there ii^very reason to assume that the 
turnip, like the duck'v^eed, has absorbed the needfiil potash 
from a solution. But if in the entire quantity of water 
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which falls on the field during the period of vegetation, we 
find only just so much potash as the turnip crop requires, 
and no more, the assumption that the potash in the turnips 
has been derived from this solution would necessarily 
involve the impossible supposition, that all the watery 
particles containing potash must have been in contact 
with the roots of the turnips ; otherwise, the latter could 
not have absorbed so much potash as is actually found in 
them. This supposition is impossible; because, during 
the time when the turnip vegetates, there is generally no 
water circulating in the soil — such, for instance, as might 
be carried off by drain-pipes. • 

If the examination of the water in the soil shows it to 
contain half the quantity of potash required by a turnip 
crop, there is no need to explain how the dissolved half 
of the potash has passed into tlie turnip-plant, but in 
what form and manner the plant has absorbed the other 
half deficient in the water. 

If, again, by the examination of the water in other 
fields, we find that it contains only ^ ; nay, only or 

3^ of the quantity of potash found in a turnip crop grown 
upon it ; and if we further ascertain that in a soil, favour- 
able for the growth of turnips, the plant always takes up 
the same quantity of potash from the ground, no matter 
how much or how little of that substance the water cir- 
culating in the soil dissolves from the earth ; it follows,* 
that as the water, the soil, and the plant, can alone come 
into consideration here, the direct power of the water to 
dissolve potash is of no importance to the plant ; and 
that the plant itself, by the help of water, muSt have ren- 
dered the needful potash soluble. 

What is here asserted of ci!e constituent; holds good 
for all. If, therefore, we find, that by treating a soil with 
rain-water we can dissolve from it potash, phosphoric 
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acid, and afninonia or nitric acid, in suiEcient quantity to 
account for the presence of these substances in the 
cereal plants grown on such a soil ; while, on the other 
hand, we find that the plant contains a hundred times 
' more silicic acid than the water could possibly have sup- 
plied ; the cause of the absorption of silicic acid, which 
clearly is not in the water, must again here be sought for 
in the plant itself. Again, if other cases show that an 
equally abundant crop of corn is obtained on fields, from 
which water fails to extract phosphoric acid or ammonia, 
here, too, we are led to the conclusion that the nutritive 
substances dissolved in the water are of no special import- 
ance to the plants in question ; but that, as an indispen- 
sable requisite, these elements must possess the form most 
suitable for the action of the root, be this what it may. 

The beautiful experiments on vegetation made con- 
jointly by Professor Migeli and Dr. Zoeller, in the Botanic 
Garden at Munich, most strikingly prove the correctness 
of the conclusions to which the analysis of drainage and 
other waters has led. Instead of growing plants in 
solutions of the mineral elements of their food, as had 
been done in all previous experiments, they pursued the 
very opposite course ; they placed the seeds of the plants 
in a soil containing all the elements of their food in an 
insoluble state. 

^ In such experiments, it is not easy to find a mate- 
rial which can be used as a substitute for arable soil, 
and possessing all its properties; and the difficulty is 
proved by the fact, that none of the plan^ grown by 
Boussingauh and others, in an artificial soil, abundantly 
provided with all the elements of food, could even 
remotely bear comparison with a plant grown in a fertile 
arable soil. Pulverised charcoal or pumice-stone have 
the power of extracting many elements of the food of 
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plants from their , solutions, and physically fixing them ; 
but they have not, in the moist state, that soft, plastic, 
and yielding condition of the clay in arable soil, which 
permits the intimate contact of the roots with the earthy 
particles. The best substitute for the purpose is coarsely- 
powdered turf, which, in the moist state, forms a plastic 
mass, bearing a remote resemblance to clay, and, like 
arable soil, absorbs all elements of the food of plants from 
their solutions. Accordingly, Nageli and Zoeller used in 
their experiments coarsely-powdered turf as the vehicle 
of the nutritive substances, after having ascertained its 
absorptive power for the several elements of food. 

A litre (1*76 pint) of turf, weighing 324 grammes 
(4987 *6 grs.), was found to absorb from solutions of 
carbonate of potash, carbonate of ammonia, carbonate of 
soda, and phosphate of lime — 1*45 grammes (22*4 grs.) 
of potash, 1*227 grammes (19 grs.) of ammonia, 0*205 
gramme (3*2 grs.) of soda, and 0*890 gramme (13*7 grs.) 
of phosphate^f lime equal to 0*410 gramme (6*3 grs.) 
of phosphoric acid. 

The quantities of potash and ammonia here given do 
nof show the total amounts of these substances which the 
turf will absorb to the point of complete saturation, but 
merely what it will take up when simply mixed with the 
solutions, and left in contact with them for a few hours. 
If we add more of these solutions to the turf-powder, the 
fluid exhibits an alkaline reaction, which disappears again 
after one or more days ; and it is only at the end of 
eight day§, when the litre (1*76 pint) of tnrf has taken 
up 7*892 grammes (121*6 grs.) of potash and 4*169 
grammes (64*2 grs.) of ammonia, that the alkaline re- 
action remains permanent. What we shall hereafter 
designate as saturated turf contains only ^ of the potash 
and ^ of the ammonia, Which V70uld be absorbed by that 
substance t5 the point of complete saturation. 
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To represent different soils, containing various propor- 
tions of nutritive substances, three mixtures were made 
of saturated and ordinary turf-powder : — 

1 mixture contained 1 vol. of saturated turf-powder, 

2 „ 1 „ „ and 1 vol. of dry turf-powder 

3 >> 1 i> »» »» 3 » . » 

These mixtures represented different kinds of earth, in 
each volume of which the third contained one-fourth, the 
second one-half the quantity of the nutritive substances 
present in the first. 

The pure turf contained 2*5 per cent, of nitrogen, and 
100 grammes yielded 4*4 grammes of ash, which, upon 
analysis, were found to contain 0*115 gramme of potash, 
0*0576 gramme of phosphoric acid, besides hme, sesqui- 
oxide of iron, silicic acid, magnesia, sulphuric acid, and 
soda. (See more fully in Appendix E.) 

With each of these mixtures a pot was filled, each pot 
holding 8^ htres (2592 grammes, = 39917 grs.) ; a 
fourth pot, of similar size, contained dry tuff-powder. 

Taking into consideration the amount of ash in 
ordinary turf, the four pots severally contained the 
following quantities of nutritive substances * 



1st rot 
witlLcommon 
turf 

2nd Pot 

quarter eaturatcjd 
turf 

3rd Pot 
half saturated 
turf 

4th Pot 
fully satiirated 
turf 


Grams. Grains 

Grams. Grains 

Grams. Grains 

Grams. Grains 

Nitrogen . 

71- ^1093*6 

2-60 =40-0 

4-32 = 66-6 

8-65 « 133-2 

Potash . 

3-18 « 49-0 

3-075 -47-4 

6-16«94-7 

12-30 = 189-6 

Phosphoric 
acid . 

1'586= 24-4 

t 

.... 

0-83 =.12-8 

O 

II 

3-49= 63*8 

1 


The figures showing the quantities of nitrogen, potash, 
and phosphoric acid, express the amount of nitrogen in 
the dry turf (in the first pot), and the amount of potash 
and phosphoric acid in its ash. For the other pots, the 
figures express the quantity of nutritive substances which 
had been added. ♦ 
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In each of these pots, five dwarf-beans were planted, 
the weight of which had been carefully determined, and 
which had* been allowed to germinate in pure water. 

The plants in the three manured pots grew very evenly, 
and the luxuriance o^ their growth excited the astonish- 
ment of all who saw them. 

During the first month, the plants in pots 2 and 3 
(filled respectively with turf ^ and ^ saturated) presented 
a finer appearance than the others ; but those in pot 4 
(filled with saturated turf) soon overtook them ; and the 
difierence in the size of the leaves, in proportion to the 
greater richness of the soil, was very striking. 

Eemarkable, too, was the influence of the soil upon 
the term of the vegetating period. Each of the five 
plants in the pure turf produced a small pod, and, to- 
gether, the five pods contained 14 seeds. During the 
ripening of the seeds, the leaves died from below 
upwards ; so that, before the pods had turned yellow, all 
the leaves had fallen off. The plants in the saturated 
turf remained green longer than any of the others, and 
their seeds ripened latest. The last pod of these plants 
was cropped on July 29, whilst the last pod of the plants 
in the pure turf had already been cropped on July 16. 

The following table shows the crops yielded by aU four* 
pots, with the number and weight of the seeds : — 



IstPot 

2nd Pot 

3rd Pot 

4th Pot 


pure 

turf quarter 

turf half 

turf fully 


turf 

saturated 

saturated 

saturated 


Beans 

Beans 

Beans 

Beans 

Numbw gathered . 

14 

79 

80 

103 

„ sown , . 

6 

5 

5 

5 



Weight In Grammes ^ 



Qrommes 

Grammes 

Grammes 

Grammes 

Gathered 

7*9 

66-7 

74-3 

105- 

Sotrn . . 

3-965 

3-88 

4-087 

4-056 

Excess of crop over 




( 

seed . . it . 

3-9 

52-82 

70-213 

100-946 
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What strikes us here at once is the great difference in 
the number and weight of the seeds respectively gathered 
from the several pots. The soil richer in nutritive sub- 
stances yielded not only more, but larger and heavier 
seeds, the average weight in milligrtmmes b&ig respect- 
ively : — 



ist Pot 

2nd Pot 

8rd Pot 

4th Pot 

One seed-bean weiglied 

milllgr. 

milligr. 


mm 

793 

HrM 


mi 

One of the gathered boans weighed . 

564 

■Mi 

Ml 

n 


Of the seeds of the plants grown in the first pot (pure 
turf), seven weighed no more than five of the beans 
originally sown ; whereas those of the plants grown in 
the saturated turf weighed each l-5th more than one of 
the seed-beans. 

If we compare the crop of seeds with the quantity of 
nutritive substances contained in the turf of the four pots, 
we see at once what influence the form and distribution 
of the nutritive substances have exercised upon their 
nutritive power. 

The 1-4 th saturated turf contained a little above one- 
half (0*83 gramme) more phosphoric acid than that in 
4he pure turf (1*586 grammes) ; the potash. was doubled ; 
and the amount of nitrogen was increased only by ^^yth. 
The crop, however, exceeded that obtained from the 
plants grown in pure turf, not by ^rd (corresponding to 
the quantity of phosphoric acid added), but it was thirteen 
times as large. The feeble manuring had caused the turf 
in the second pot to render thirteen times moye nutritive 
matter for the formation of seed alone, and for the entire 
plants about thirty times more than the pure turf. 

It is evident that only a small proportion of the ash- 
constituents in the pure turf were present in a form suit- 
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able for the nutrition of the bean-plant. They could not 
be absorbed, because they were in chemical combination 
in the substance of the turf. To use a somewhat imper- 
fect figure, the nutritive elements in the pure turf may be 
imagined to Be surrounded by the turfy substance, which 
hinders their contact with the roots ; while in the satu- 
rated turf these elements form the outer coating of the 
turfy substance. 

The crops of seeds show further that they were not in 
proportion to the nutritive substanfts contained in the 
soil, but that the poorer mixture yielded far more seeds 
than it should have done in proportion to the production 
of the richer mixtures. The proportions in the several 
mixtures were as follows : — 



2nd Pot 
quarter 
saturated 

3rd Pot 
half^atarated 

, ....... 

4th Pot 

fully saturated 

Amount of manure 

1 

2 

4 

Crop gathered, as . . . 

2 

j ! 

2-8 

4 


It is not difficult to understand why this should be so. 
The fact that the ^-saturated turf yielded twice as much 
crop as corresponded to the amount of manure, proves 
that the absorbent root-surface had come in contact with 
double the number of nutritive turf particles. According 
to weight, the 4-saturated turf contained, in every cubic 
centimetre, only Jth of the nutritive substances found in 
the completely saturated turf ; but, by mixing 1 volume 
of saturated with 3 volumes of unsaturated turf, the 
fojnpaer had become far more distributed, and its volume 
or efficient surface had been made larger. Supposing it 
were possible to coat 3 volumes of ordinary turf-powde^ 
with 1 volume of saturated, so as completely to surrouna 
every fragment of the former with saturated turf particles, 
the bean-plants would, in a soil so prepared, grow as 
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luxuriantly as if every particle of tbe turf were thoroughly 
saturated with nutritive substances. 

^ Sence, the higher produce obtained from the compara- 
tively poorer soil proves that it is only the surface of the 
soil, containing the nutritive elements, which is effective ; 
that the fertihty of a soil is not proportionate to the 
quantity of nutritive substances which chemical analysis 
proves to be present ; and lastly, these facts show that it 
is not water whicL by virtue of its solvent power, has 
made the nutritivq^ements available to the roots. 

We know by experiment, that when water has dissolved 
from a saturated soil a certain quantity of ammonia, pot- 
ash, &c., the same^ amount of water will not further 
dissolve from a half-saturated soil (or a soil from which 
one-half of the absorbed potash and ammonia has already 
been extracted) half so much as from the saturated soil ; 
but that the earth, in proportion as it has thus become 
poorer in nutritive substances, wiU all the more firmly 
retain the residue of the ingredients absorbed by it. 

In the half-saturated turf the nutritive elements are 
much more firmly bound than in the fully saturated ; 
and, again, in the quarter-saturated much more firmly 
than in the half-saturated. 

Hence, even if the water had been able to dissolve and 
convey to the roots half as much from the half-saturated 
as from the fully saturated, and half as much from the 
quarter-saturated as from the half-saturated, still the 
produce could not in any case be greater than in propor- 
tion to the amount of nutritive substances in the soil. 
But^ in fact, they were far greater, and the roots actually 
absorbed more nutritive substances than the water could 
possibly have conveyed to them, even under the most 
favourable circumstances. 

These experiments have, for the' first time, afforded 
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direct proof that plants possess the power of absorbing 
their necessary nutritive elements from a soil in which 
they are present in physical combination, i.e. in a 
state wherein they have lost their solubility in water; 
and the comportment of arable and cultivated soil in 
general shows that the nutritive substances contained in 
them must be present in the same form as in the artificial 
turf soil of these experiments, with this difference, how- 
ever, that the earthy particles in the arable soil are not 
merely the vehicles of these substances, but their source. 
In a soil consisting of turf-powder, a second crop will not 
succeed so well as the first, unless the nutritive sub- 
stances which have been removed are again supplied; 
nor will the soil regain its fertility, however long it be 
left fallow. 

The benefit derived from mechanical tillage of the 
ground depends upon the law, that the nutritive substances 
existing in a fruitful soil are not made to change their 
place by the water circulating in it; that the cultivated 
plants receive their food principally from the earthy 
particles with which the roots are in direct contact, out 
of a solution forming around the roots themselves ; and 
that all nutritive substances Ijdng beyond the immediate 
reach of the roots, though in themselves quite effective as 
food, are not directly available for the use of the plants. 

There are no isolated laws in nature, but they are 
all together links in one chain of laws, which are in turn 
subordinate to a higher and a highest law. 

With the natural law, that organic life is developed 
only in the outermost crust of the earth which is exposed 
to the sun, is most intimately connected the power of the 
fragments of that crust which form the arable surface soil, 
to collect and retain all those nutritive substances on 
which life depends. A plant is not, like an animal, 
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endowed with special organs to dissolve the food and 
make it ready for absorption; this preparation of the 
nutriment is assigned by another law to the iOruitful earth 
itself, which in this respect discharges the functions per- 
formed by the stomach and intestines of animals. The 
arable soil decomposes all salts of potash, of ammonia, and 
the soluble phosphates ; and the potash, ammonia, and 
phosphoric acid always take the same form in the sod, no 
matter from what salt they are derived. In performing 
this function, the plant-bearing earth constitutes for the 
use of man and beast an immense purifying apparatus, 
whereby it removes from the wate;r all matters hurtful to 
the health of animals, and all products resulting from the 
decay and putrefaction of deceased generations of plants 
and animals. 

The question how much of the several nutritive sub- 
stances a soil must contain to yield remunerative crops is 
of great importance, but its exact determination is beset 
with vast difficulties. If, indeed, the nutritive power of 
an arable soil depends upon the quantity of substances 
held in physical combination in the ground, it is evident 
that a chemical analysis, which cannot rigorously distin- 
guish elements in chemical combination from those in 
physical combination, must fail to afford any certain 
conclusion in the matter. 

In comparing several equally productive sods, we often 
.find that they differ immensely in their chemical com- 
position ; and that of two sods containing, the one 80 to 
90 per cent., the other only 20 per cent, of pebbles and 
sand, the former will frequently yield better crops than 
the latter. The case is possible, that a sod finiitful in itself 
may not suffer any diminution of its fertility by being 
mixed with half its volume of sand, but may actually 
become more productive, though it now contains, in every 
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part of its transverse section, one-third less nutritive matter 
than before. The reason is, that by the addition of sand 
the food-affording surface of the other constituent parts 
of the soil is enlarged, and on this everything depends as 
regards the power of the soil to give up to plants the food 
contained in it. 

A soil on which rye thrives well often proves unsuited 
for the profitable cultivation of wheat, though both plants 
take from the soil exactly the same constituents. 

It is clear that the failure of wheat on such a soil arises 
from this cause, that the wheat plants, within the allotted 
period of their existence, do not find nutriment enough 
for their full developement in the food-supplying soil* 
about their roots, whilst the quantity supphed is ample for 
the rye plants. 

Now chemical analysis proves that such a rye soil alto- 
gether contains, to a depth of 5 to 10 inches, fifty — nay, a 
hundred times more of the food-elements of the wheat 
plant than would be required for an abundant crop of 
wheat; and yet, in spite of this superabundance, the field 
will afford.no remunerative crop to the agriculturist. 

If we compare the quantities of phosphoric acid and 
potash drawn from an area of 2^ acres (hectare), by an 
average wheat crop (2000 kilogrammes = 4400 lbs. of 
grain, and 5000 kilogrammes =11000 lbs. of straw) and 
a rye crop (1600 kilogrammes = 3520 lbs. of grain and 
3800 kilogrammes =8360 lbs. of straw), we find that the 
ifewo crops severally received from the soil — 



Wheat 

Eye 


Eilogr. lbs. lbs. 

Eilogr. lbs. lbs. 

Plv^splioric acid . 

26—26- 66 to 67 

17— 18- 37 to 39 

Potash . . 

62-114 

39— 40- 86— 88 

Silicic a(dd . . . 

160 = 362 

100—110=220—242 
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The difference in the absolute requirement is therefore 
very small. The wheat crop received from the soil only 
9 kilogrammes (= 20 lbs.) of phosphoric acid, about 12 
kilogrammes (=26*4 lbs.) of potash, and 50 to 60 kilo- 
grammes (=110 to 132 lbs.) of silicic acid, more than the 
rye crop. 

Before the true cause was known upon which the nutri- 
tive power of arable soil depends, it was utterly incom- 
prehensible how this trifling difference of a few pounds of 
phosphoric acid, silicic acid, and potash in the requirements 
of wheat and rye, could make so great a difference in the 
quality of a field ; for in comparison with the total amount 
•of these ingredients actually contained in the rye field, 
the additional quantity required by the wheat plant is 
inappreciably small. 

This difference would indeed be inconceivable if the 
nutritive substances required by the cereal plants had 
any perceptible power of locomotion, for in that case there 
could not be an actual deficiency of food in any given spot 
of the soil ; every fall of rain would provide the poorer 
places with nutriment, if the trifling excess required by 
the wheat above the rye could really be distributed by 
the agency of water. 

Thus, although a soil suited for rye but not for wheat, 
may contain, within a short distance from the roots of the 
wheat, a large quantity of phosphoric acid and potash, 
often amounting, in the volume of earth between two rye 
plants, to fifty times more than the trifling addition de- 
manded by the wheat, yet, i^ point of fact, this nutriment 
cannot reach the roots of the latter. 

But if we consider that the nutritive substances cannot 
of themselves change their place in the ground, the failure 
of wheat upon a rye field is very simply explained. 

If a 2^ acre field yields to an average rye ax)p (grain 
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and straw) 17 million milligrammes (=37 *41bs.) of phos- 
phoric acid, 39 million milligrammes (=85*8 lbs.) of 
potash, and 102 million milligrammes (=224*4 grains) 
of silicic acid, then the rye plants growing on a square 
decimetre (=15*3 square inches) receive from the soil 17 
milligrammes (=0’26 grains) of phosphoric acid, 39 milli- 
grammes (=0*6 grain) of potash, and 102 milligrammes 
(=1*56 grains) of silicic acid. 

Now, from the same area of a good wheat soil, the 
wheat plants growing on it receive 26 milligrammes of 
phosphoric acid, 52 milligrammes of potash, and 160 mil- 
ligrammes of silicic acid. The food-absorbent surface of 
the rye and wheat plants is not in contact with all the 
earthy particles which contain food in a square decimetre 
of the field downwards, but only with a smaU volume of 
the soil ; and it is quite evident, that if the seed is to 
thrive in every spot, the earthy particles, which do not 
happen to come in contact with the roots, must contain 
as much nutritive matter as the others. 

If we could ascertain with any certainty the root- 
surface which absorbs nutriment, we might infer the 
volume of earth from which it received food, for every 
root-fibre is surrounded by a cylinder of earth, the inner 
wall of which facing the root is as it were gnawed off by 
the extremities of the root which press downwards, or by 
the cell-surfaces which are deposited in a downward 
direction. But in no plant are the diameter and length 
of the root-fibres determined, and we must rest satisfied 
with an approximative estimation. 

Let us assume that the 17 milligrammes (= 0*26 gr.) 
of phosphoric acid, 39 milligrammes (= 0*6 gr.) of 
potash, and 102 milligrammes (= 1*56 grs.) of silicic 
acid, are absorbed from a mass of earth the transverse 
section of which is 100 square millimetres (=15*3 square 
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inches), then the rye-field in each square decimtoe (1 0,000 
square millimetres) will contain 1700 milligrammes 
(= 26*2 grs.) of phosphoric acid, 3900 milligrammes 
(=60 grs.) of potash, and 10,200 milligrammes (= 15*7 
grs.) of silicic acid ; that is; a hundred times as much as 
an average rye crop requires. Now, as the wheat plant, 
to thrive equally well, must receive half as much again of 
phosphoric and silicic acid, and 0*4 more potash, from the 
same portions of the soil, it follows that if a hectare 
(2^ acres), to produce an average rye crop, contains 

.1700 kilogrammes= 3740 lbs. of pbosphoric acid, 

3900 „ = 8580 „ potash, and 

10200 „ =22440 „ silicic acid, 

a fertile wheat soil must contain 

2560 kilogrammes= 5632 lbs. of phosphoric acid, 

5200 „ =11440 „ potash, and 

15300 „ =33660 „ silicic acid. 

If a cubic decimetre (1 litre = 1*7 pint) of arable 
soil weighs on an average 1200 grammes (= 2*64 lbs.), 
and we assume that the greater number of the roots of a 
wheat plant do not go deeper than 25 centimetres (10 
inches), then the above 1700 milligrammes of phosphoric 
acid, 3900 milhgrammes of potash, and 10,200 milli- 
grammes of silicic acid, must be contained in an available 
form in 2^ cubic decimetres, or 3000 grammes (= 66 lbs.) 
of soil : this makes 0*056 per cent, of phosphoric acid, 
0*034 per cent, of potash, and 0*34 per cent, of silicic 
acid. 

Before we discuss the inferences which follow from 
these numbers, we must remember that they involve 
some hypothetical elements, which ought not to be left 
out of view. The numbers representing the quantity of 
ash constituents, which an average rye and whekt crop 
take from a hectare (2^ acres) in corn and straw, have 
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been determined by chemical analysis, an.d are not hypo- 
thetical. It is therefore certain that a wheat crop draws 
from the ground half as much again of phosphoric acid 
and silicic add, and one- third more potash, than a rye 
crop. • 

The supposition that a wheat soil, to the depth of 10 
inches, contains in physical combination 0*056 per cent, 
of phosphoric acid, 0*034 per cent, of potash, and 0*34 
per cent, of sihcic acid, which makes a hundred times as 
much as a wheat crop would take in corn and straw from 
the field, is purely -hypothetical ; and tlie present question 
is to determine the limits up to which this estimate may 
be accepted as true. 

If arable soil is left for twenty-four hours in contact 
with cold muriatic acid, a certain quantity of potash, 
phosphoric acid, silicic acid, as well as lime, magnesia, &c. 
is extracted. If the soil is treated for a long time with 
boiling muriatic acid, the quantities of dissolved silicic 
acid and potash are* much greater. Lastly, by decom- 
posing by fusion the silicates, and then treating with hot 
muriatic acid, we can obtain all the potash and sihcic 
acid contained in the soil. Without risk of error we may 
assume that those nutritive substances which can be ex- 
tracted by cold muriatic acid are most feebly retained by 
the soil, and approach nearest the elements in physical 
combination ; or, at all events, so near, that by the 
common disintegrating agencies they very easily pass into 
this form of combination. 

In this way Dr. Zoeller subjected to analysis two 
kinds of wheat soil — the loam of Bogenhausen and of 
Weihenstephan, the latter of which in particular repre- 
sents an excellent wheat soil. One hundred parts of 
these two soils yielded to cold muriatic acid — 
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Soil of Weihenstephan 
Soil of Bogenhaiisen . 



Phosphoric add 

Pota^ 

Silicic acid 


0*219 

0*249 

0*596 

• 

0*129 

0*093 

0*674 


If these quantities of nutritive elements are present in 
an available condition in these soils, that of Weihen- 
stephan would contain of phosphoric acid almost 400 
times, of potash 700 times, and of sihcic acid rather 
more than 190 times, as much as a wheat crop requires : 
in the soil of Bogenhausen the amount of phosphoric 
acid, potash, and silicic acid would be twice as large as 
the hypothesis presupposed. 

The well-known analyses of similar soils by other 
chemists show that the assumed estimate of the nutritive 
substances required in a good wheat or rye soil is rather 
below than above the actual amount ; and, in fact, the 
future prospects of agriculture would be very gloomy, if 
the ground was not far richer in nutritive substances than 
has here been hypothetically assumed. 

This is, perhaps, the place to state the distinction 
between the fertility of a field and its productive powers. 
According to the experiments of Nageh and Zoeller, men- 
tioned above, turf may be so saturated with the necessary 
nutritive substances as to become an extremely fruitful 
soil for beans ; and a comparison of the ash constituents, 
in the stalks and seeds of the crop, with the quantity 
which had been added to the turf, shows that the twelve 
to fourteen-fold quantity of these ash constituents was 
enough to produce a very abundant seed crop. The 
porous turf, saturated even in its minutest particles with 
nutritive elements, favoured in this case an enormous de- 
velopement of the roots, to which the largeness of the 
crops is due. Nothing can be more certain than that its 
power of production measured by time is very small, and 
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that after a very few harvests its fertility would vanish 
speedily and for ever. 

That our corn fields should contain nutritive substances 
in very great abundance is the necessary condition for a 
continuance of good crops, but it is not indispensable for 
one rich harvest. 

A good rye soil is one which produces an average rye 
crop, but less than an average wheat crop. 

From what we have seen, the reason why a wheat 
plant, which requires from the soil the same elements as 
the rye plant, will not thrive as well as the latter upon a 
rye soil, is founded on this, that during the same period 
of time the wheat needs more of these nutritive sub- 
stances than the rye, but cannot obtain this additional 
quantity. Henc^, a good wheat soil which yields an 
average wheat crop, differs from a good rye soil which 
produces an average rfe crop, inasmuch as the wheat soil 
in all its parts contains more nutritive substances, just in 
proportion as the wheat crop needs and carries away 
more than the rye crop. 

A good rye soil, which is able to give and does give 
1 per cent, of its nutritive substances to an average rye 
crop, would necessarily yield an average wheat crop, if 
the wheat plants growing upon it could extract per 
cent, of its nutriment. But, in fact, this does not 
take place : whence it follows that the absorbent root- 
surfaces of the wheat cannot be half as large again as 
those of the rye ; for, were this the case, the roots of the 
wheat would come into contact with half as many more 
earthy particles yielding nutriment, i. e. the rye soil would 
necessarily produce an average wheat crop, which however 
is not the ease. 

The comparative returns, in corn and straw, from a 
rye soil, which has been sown simultaneously half with 
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wheat and half with rye, might therefore enable us to 
estimate the extent of root surface in wheat and rye 
plants. K the wheat crop from one-half of such a field, 
reckoning by the hectare, receives as much phosphoric 
acid and potash as the rye crop from the other, half (17 
kilogrammes of phosphoric acid and 39 kilogrammes of 
potash), this would argue that the roots of the wheat 
have come in contact with earth yielding as much nutri- 
tive substance, and the earth with the same extent of 
absorbent root siufaces, as in the case of the rye. If the 
wheat crop contains phosphoric acid, potash, and silicic 
acid, either more or less than the rye crop, this would 
lead us to infer a larger or smaller ramification of the 
roots. Experiments of this kind with rye, wheat, barley, 
and oats are well worth making, althoitgh they have no 
practical interest for the farmer, but merely a physiolo- 
gical importance, and would finaBy lead to conclusions, 
the correctness of which Hes within rather wide limits. 
The absorptive power of the plant, and the time of ab- 
sorption, make a difference which, however, hereby 
becomes -perceptible. 

Of two plants, with the same absorbent root surface, 
and yielding equal produce, one of which flowers and 
ripens earlier than the other, the one with the shorter 
period of vegetation must find somewhat naore food, in 
all the places y^hich furnish its nutriment, in order to 
receive the same amount as the other, which has a longer 
time for absorption. 

Thus, the only hypothetical assumptions in determining 
the above numbers are, that the food-absorbent root 
surfaces of rye and wheat are equal, and that the rye soil 
yields neither more nor less than exactly 1 per cent, of 
its nutritive substances. No doubt such a soil has no 
actual existence; but, supposing that we had sueb a soil 
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before us, and were to put the question how much nutri- 
ment we must add to convert it into a permanently pro- 
ductive wheat soil, the answer would be not hypothetical, 
but perfectly trustworthy and exact. If 



Phosphoric acid 

Potash 

BiUcic aoid 

The wheat soil contains 

The rye soil .... 

Kilogr. 

2o60 

1700 

Kilogr. 

6200 

3900 


The wheat soil is the richer of the 
two by ^ 

860 

1300 . 

6100 


Hence, to a rye soil of a given condition and productive 
power, we should have to add, in some form or other, 
one-half more phosphoric and silicic acid, and one-third 
more potash, than it already contains, to make it capable 
of producing average ^rops of wheat grain and straw. 

And to obtain permanently from a wheat soil a crop 
half as large again as an average harvest, we should add 
one- half more of nutritive substances than it already 
contains. 


A hectare of wheat soil contains . 
One-half more .... 

Phosphoric acid 

Potash 

Silicic acid 

Kilogr. 

2660 

1280 

Kilogr. 

6200 

2600 

Kilogr. 

10200 

6100 

3840 

3800 

16300 


These speculations have no other object than to show 
that a small difference in the absolute quantity of a nutri- 
tive element, required by one kind of plant more than 
by another, presupposes a great excess in the amount of 
this constituent in the soil. A wheat crop takes from 
the soil, j)er hectare (2^ acres), only 8*6 kilogrammes 
(19 lbs.) more phosphoric acid than a rye crop ; but that 
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the wheat-roots may appropriate these 8*6 kilogrammes, 
the soil must contain a hundred times as much (860 
kilogrammes) of phosphoric acid as the rye soil, or per- 
haps even more. 

Although these figures refer to an ideal soil of strictly 
definite composition, yet the conclusion which we draw 
is true for all classes of soil. 

It is an undoubted fact, that the ground must always, 
and under all circumstances, contain a larger amount of 
nutritive substances than the crop grown on it. Sup- 
posing the soil to contain, instead of the hundred-fold, 
only the seventy or fifty-fold quantity of the nutritive 
elements in the crop, we infer from the law of the immo- 
bility of these elements, that, to double the crop, we 
must add to the field seventy or fifty times the quantity 
of mineral constituents contained in the produce. In 
practice the case is different, for no actual field, like our 
ideal one, contains phosphoric acid, potash, and silicic 
acid in exactly the relative proportions in which they 
exist in the ash of rye dr wheat. Most fields which are 
suitable for cereals are fruitful also for potatoes, clover, 
or turnips, which extract from the soil much more potash 
than the cereals. 

Therefore, to convert a rye soil containing more than 
3900 kilogrammes of potash, per hectare (2^ acres), into 
a wheat soil, would not require an addition of 1300 
kilogrammes of potash, but a proportionately less amount 
would fully answer the purpose. 

We shall hereafter discuss at greater length the rela- 
tions existing between the composition of a soil and its 
fertility. The main conclusion, which the above figures 
are intended to illustrate, is the practical impossibility of 
converting a rye soil into a wheat soil by supplying th^e 
deficient ash constituents, or of making a wheat field by 
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the same means produce half as much again as an average 
crop. Admitting this might be readily accomphshed, 
experimentally, on a small area, yet the price of phos- 
phoric acid, potash, or even of soluble sihca, and the 
impossibihty of procuring them for a large number of 
fields, though in a given field only one of these sub- 
stances had to be increased in the proportion ‘ stated, 
would oppose insuperable obstacles to the conversion or 
improvement of land. 

The law of the immobility of the mineral elements in 
the soil explains the agricultural experience of ages, that 
almost universally, under like climatic conditions, certain 
fields are suited for certain plants only, and that no plant 
can be profitably cultivated upon a soil, unless the mineral 
contents of the soil are in proportion to the special re- 
quirements of that plant. 

In practice, it is quite impossible, by a supply of mineral 
substances, to improve the land of an entire country, so 
that it shall yield crops considerably more abundant than 
the natural store of food elements in the soil enables it to 
produce. 

Every field has a real and an ideal maximum of pro- 
ductive power corresponding to the nutritive substances 
which it contains. Under the most favourable cosmical 
conditions, the real maximum corresponds to that portion 
of the total amount of nutritive elements, which is present 
in the soil in an available form, i. e. in a state of physical 
combination with the soil ; the ideal maximum is what 
might possibly be obtained if the rest of the nutritive sub- 
stances, which are in chemical combination, were con- 
verted into an available form, and distributed through 
the soil*^ 

Hence, the art of the agriculturist mainly consists in 
selecting such plants as will thrive best on his land, in 
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adopting a proper system of rotation, and in using all the 
means at his command to make the nutritive elements in 
chemical combination available for plants. 

The achievements of practical agriculture in these re- 
spects are wonderful, and they demonstrate that the 
triumphs of art far exceed those of science, and that the 
farmer, by aiding the agencies which improve the chemical 
and physical condition of his land, can obtain much more 
abundant crops than by supplying nutritive matters. Be- 
cause, what he can supply in the shape of manure, with 
due regard to a proper return, is so small in comparison 
with the store of nutritive matter contained in a fruitful 
soil, that a perceptible increase of produce can hardly be 
expected to result from it. 

But what the farmer may achieve by manuring is at 
best the result — unquestionably a most important one — 
that his crops suffer no diminution. Where they actually 
increase, this is less attributable to the addition made to 
the store of mineral constituents than to their distribution, 
and to the fact that certain quantities of inoperative sub- 
stances have been rendered available. 

If we wished, by increasing the phosphoric acid re- 
quired for the formation of seed, to enable a wheat field 
yielding an average produce of six grains to give two 
additional grains, it would be necessary to increase by ^rd 
the whole amount of the phosphoric acid present in the 
field, and serving for the formation of seed. For it is 
always but a small fraction of the total quantity supplied^ 
that comes into contact with the roots of the plants ; and 
that they may be able to absorb this ^rd more, it is indis- 
pensably necessary to increase the phosphoric add by |rd 
in all portions of the soil. This reflection explaans the 
rule found true in experience, that to produce a marked 
effect upon crops by manuring, a mass , of manure must 
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be laid on, utterly disproportionate to the expected in- 
crease. ♦ 

A manure will exercise its beneficial action upon afield 
in the most marked manner, when it establishes a more 
suitable relative proportion between the several mineral 
constituents in the soil ; because upon this proportion the 
crops are dependent. !N’o special argument is needed to 
demonstrate, that where a wheat soil contains just so much 
phosphoric acid and potash as will suffice to afford the 
quantity of these two substances required for a fuU wheat 
crop, and no more (accordingly for every part by weight 
of phosphoric acid two parts by weight of potash), an ad- 
ditional supply of one-half more, or even of double the 
quantity of potash, cannot exercise the slightest possible 
influence upon the crop of corn. The wheat plant re- 
quires for its full developement a certain relative propor- 
tion of both nutritive substances, and any increase of one 
beyond this proportion makes the other not a whit more 
effective, because the additional supply exercises by itself 
no action. 

An increase of phosphoric acid alone has just as little 
influence in making the returns greater, as an increase of 
potash alone : this law applies equally to every nutritive 
substance, potash, magnesia, and silicic acid ; no supply of 
these substances beyond the requirement of the wheat- 
plant, or its capacity of absorption, will have any effect 
upon its growth. The relative proportions of the mineral 
substances, which the plants draw from the soil, are easily 
determined by analysing the ashes of the produce. It is 
found by analysis that wheat, potatoes, oats, and clover 
receive the following proportions of phosphoric acid, 
potash, lime, magnesia, and silicic acid : — 
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Phosphoric acid 

Potash 

* 

Lime and 
magnesia , 

Silido acid 

Wheat ) . 

straw / 

1 

2*0 

0*7 

6*7 

Potatoes (tubers) . 

1 

3*2 

0*48 


(Zw) • 

1 

21 

1*03 

6-0 

Clover . 

1 

2-6 

4*0 

1*0 

Average 

1 

2-6 

1*5 

3*0 


^Supposing wheat, potatoes, oats, and clover to be 
cultivated in a field for four years in succession, each of 
these plants will absorb from the soil the proportion of 
mineral constituents which it requires ; and the sum total 
divided by the number of years, viz. four, shows the 
average relative proportion of all the nutritive substances 
which the soil has lost. 

If, in the formula, 

Fhosphoric acid Potass Lime and magnesia Silicic acid 

w(l*0 : 2*5 ; 1*5 : 3*0) 

we determine the value of w, which is meant here to 
designate the number of kilogrammes of phosphoric acid 
which the four crops have received from the soil, we find 
for the wheat crop 26 kilogrammes of phosphoric acid, 
for the potato crop 25 kilogrammes, for the oat crop 
27 kilogrammes, and for the clover crop 36 kilogrammes 
— altogether, 114 kilogrammes; multiplying the above 
proportional numbers by this number, we obtain the sum 
total of all the nutritive substances extracted from the 
soil by the four crops. 

With the help of these proportional numbers, we are 
better able than before to give some more accurate 
explanations. 

Suppose that the soil of a certain field contains, in an 
available state, the requisite quantities of phosphoric acid, 
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potash, lime, and magnesia, to supply the four crops 
stated above, but that it is deficient in the proper propor- 
tion of silicic acid — containing, for example, for 1 
part by weight of phosphoric acid, only 2^ parts , of 
silicic acid, in an available condition — this deficiency 
will, in the fir^t place, be felt in the crops of cereal 
plants, whilst the potato and clover crops, on the contrary, 
will not be at all diminished. It will depend upon the 
weather to determine whether this deficiency in the 
crop of cereal plants extends both to com and straw or 
is confined to the straw alone.” A want of potash, in 
proportion to all the other constituents, will barely aflect 
the wheat and oat crops, but it will reduce the potato 
crop; in hke manner, a want of lime and magnesia will 
impair the clover crop. 

If the ground can furnish one-tenth more potash, lime, 
magnesia, and silicic acid, than corresponds to the given 
proportion of phosphoric acid — thus, if. 



Phosphoric 

acid 

Potash 

Lime and 
Magnesia 

Silicic acid 

Instead of . 

The groimd should be able to 

1 

2-5 

1*5 

30 

furnish .... 

1 

2-75 

l'G5 

3‘3 

the crops would not turn out larger 

than before. 

But if. 


in such a field, the quantity of phosphoric acid is in- 
creased, the produce will increase, until the right propor- 
tion is restored between the phosphoric acid and the 
other mineral constituents. The additional supply of 
pho^horic acid serves in thii case to increase the amount 
of potash, hme, and sihcic acid in the produce ; but if 
this additional "ISupply exceeds one-tenth of the phosphoric 
acid present in the soil, the quantity in excess remains 
ineffective. Up to this limit, every pound — nay, every 
ounce — of phosphoric acid supplied has, in this case, a 
fully determinate action. 
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If potash or lime alone is wanted to restore the right 
proportion among the nutritive substances in the soil, a 
supply of ash or lime will increase the produce of all the 
crops — the additional supply of , lime effecting, in this 
case, an increase in the amount of phosphoric acid and 
potash in the augmented produce. 

If we find that a soil will not bear. a remunerative 
crop of cereal plants, though it remains fruitful for other 
plants, such as potatoes, clover, or turnips, which require 
just as much phosphoric acid, potash, and lime, as the 
. cereals, we may assume that the soil had the latter sub- 
stances in excess, but was deficient in silicic acid. 
And if, in the course of two or three years, during 
which other produce is cultivated on it, the land recovers 
its fertility for cereals, this must be because it contained, 
though unequally divided and distributed, an excess of 
silicic acid also, which, during the fallow season, mi- 
grated from the places where it was in excess to those 
where it was deficient; so that when the subsequent 
period of cultivation began, there was in all these places 
the right proportion of all the nutritive substances needed 
by cereal plants. 

For similar reasons, if peas or beans can be cultivated 
on a given field only at certain intervals, and experience 
shows that skilful, industrious tillage is usually more 
effective than manure in shortening these mterya]%;:we 
may infer that in such cases the nutritive substances yrere 
not deficient in total quant^ in the whole field, 
proper proportion in all parts of the field. 
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CHAPTEE III. 

ACTIo'&f OF SOIL ON FOOD OF PLANTS IN MANURE. 

Manures : meaning of the term ; their action as food of plants and means 
for improving the soil — Effect on soils with different powers of ab- 
sorption— Each soil possesses a definite power of absorption j the dis- 
tribution of the food of plants in the soil is inversely to the power of 
absorption; means of counteracting the absorptive power — Absorption 
number, notion of ; comparison of in different fields ; its importance in 
husbandry — Soil saturated with food of plants ; its comportment witli 
water — Quantity of food to saturate a soil — A saturated soil not re- 
quired for the growth of plants — Manuring may bo compared to the 
application of earth saturated with food — Importance of the uniform 
distribution of food in manures ; fresh and rotted stall manure ; compost ; 
importance of powdered turf for the preparation of manure — Quantity 
of food in unmanured fields and their powers of production ; increase of 
the latter apparently out of proportion to the manure added; experiments 
on this point ; explanation ; composition of the soil and its absorptive 
power compared with the requirements of the plants to bo cultivated on 
it; surftice and subsoil plants, the tillage and manuring respectively 
required by each — Clover sickness ; experiments of Gilbert and Lawes ; 
their conclusions ; value of them. 

T he term ‘ manure ’ is commonly used to designate all 
matters which, applied to a field, will increase the 
amount of its future produce, or, when the land has been* 
exhausted by cultivation, will restore its capability of 
yielding remunerative harvests. 

' ;;:3£^iiring agents act partly in a direct manner as 
elemi^ts of food, and partly, like common salt, nitrate of 
soda, 6r salts of ammonih, by enhancing the effect of the 
mechanical operations ' of tillage, so that they frequently 
exert as favourable an influence as the actual increase of 
the nutritive substances in the ground. 

Of the two last-named compounds, nitrate of soda 

‘ K 2 
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contains a nutritive substance in the nitric acid, and salts 
of ammonia in the ammonia. Hence it is extremely diffi- 
cult in individual cases to determine whether their action 
is*due to their nutritive constituents, or to the fact that 
they have brought about the absorption of other nutritive 
substances. 

In a fertile soil tillage and manuring have a definite 
relation to one another. If, after a rich harvest, the field 
is prepared by tillage alone to produce a similar rich crop 
in the next year, that is, if the mechanical means are suf- 
^ficient to distribute the store of nutritive substances so 
unifonnly that the plants of the following season will find 
as much nutriment in all parts of the soil as during the 
last, any further supply of mineral constituents by manur- 
ing would be mere waste ; but, where a field is not in that 
condition, the deficiency must be supplied by manure, in 
order to restore the original power of production. Thus, 
in a certain sense, the mechanical operations of tillage 
and of manure are supplementary to one another. 

Of two similar fields, manured in exactly the same way, 
if the one has been well tilled, and the other badly tilled, 
the former will yield a richer crop, i.e. the manure seems 
to have a better effect upon this than upon the badly- 
tiffed field. 

, If one of two farmers knows his land better, and culti- 
vates it more judiciously than the other, the former 'W^ill, 
in a given time, obtain as good crops with less manure, or 
richer crops with the same. quantity of manure. 

All these facts should be considered in estimating the 
value of manuring agents.; but, as science h^, no 
standard for measuring the results of the mechanical 
operations of tillage, this cannot be taken into amount 
here, and we must confine ourselves to that which c^ be 
scientifically measured and compared. . 
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When two fields are equally rich in nutritive substances, 
it often happens that the one, by tillage alone, or by tillage 
combined with manuring, will be brought much sooner 
than the other into a condition to yield a succession of 
remunerative crops of cereal or other plants. 

On a light sandy soil, all kinds of j^anure act more 
rapidly apd effectively than on clay. The sand is more 
grateful, say the farmers, for the manure bestowed upon 
it, and yields a more abundant return than other soils for 
what it has received. The nitrogenous manures, such as 
wool, horn-shavings, bristles, and blood, which, as we* 
know for a certainty, act by the formation of ammonia, 
firequently exercise a far more favourable influence upon 
many plants than ammonia itself. In other cases, bone- 
earth acts more powerfully upon the future crop than 
superphosphate of lime ; and sometimes ash will prove 
more fertilising than if the amount of potash contained in 
it were directly laid upon the field. 

All these facts are most intimately connected with the 
faculty of arable soils to extract'or absorb phosphoric acid, 
ammonia, potash, and sihcic acid from their solutions. 
The restoration of the productive power to an exhausted 
field by the mechanical operations of tillage and fallowing 
alone, without manure, presupposes that in certain parts 
of the field there must , have been an excess of nutritive 
substances which dispersed in the soil and extended to 
other places where such substances were deficient. 

Tins distribution demands a certain time. The excess 
of nutritive elements must first be dissolved, that they 
may bd able to move towards those parts which have lost 
their elements of food by a previous harvest. The closer 
these superabundant deposits lie to each other, the shorter 
is the way over ^hich the substances have to travel; and 
the less the absorptive power of the intervening earth 
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s p&rticles for these nutritive substances, the more speedily 
will the productive power of the soil be restored. 

Every arable soil possesses, for potash and the other 
substances mentioned, a determinate power of absorption, 
which may be expressed by the number of milligrammes 
absorbed by 1 gubic decimetre (=1000 cubic centi- 
metres) of earth. Thus, for instance : — 

Cubic Cubic 

decimetre inches Milligrammes Grains 

1 = 61 of lime soil from Cuba, absorbed 1360 = 21 potasli 
1 „ loam „ Bogenhausen „ 2260 = 35 „ 

1 „ soil „ Weihenstepban 2601 *= 40 „ 

t „ soil „ Hungary „ 3377 = 52 „ 

1 „ garden mould Munich „ 2344 = 36 „ 

It will be seen at once that these differences in absorp- 
tive power are very considerable. One volume of earth 
from Weihenstephan absorbs nearly twice as much potash 
as an equal bulk of soil from Cuba ; the Hungarian earth, 
here examined, absorbs 2 ^ times as much. 

These figures show that a certain quantity of potash, 
say 2600 milligrammes, ifr supplied to the Weihenstephan 
soil, will spread in a space of 1 cubic decimetre of earth. 
If we were to pour the potash, in solution, on a small 
plot of ground, I square decimetre in area, the potash 
would penetrate to a depth of I decimetre (=3’94 inches), 
and no deeper; every cubic centimetre (=*06I cubic 
inch) would receive 2 '6 milligrammes (=’04 grain) of 
potash, but the layers beneath would receive none, or at 
least no appreciable quantity of it. > > 

If the same solution were poured on an equal area of 
Hungarian or Cuban soil, the potash filtering . through 
would penetrate, in the former, to a depth of somewhat 
above 7 centimetres (=2*7 inches); in the latter, to a 
depth of 19 centimetres (=7*5 inches). 

The diffusibility of potash in a soil is in an inverse 
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ratio to the absorptive power of that soil; half the 
absorptive power corresponds to double the diffusibOity. 
In a similar way potash will spread in a field during the 
time of fallow. From the spot where the potash is set 
free from a sihcate by disintegration, it wifi diffuse itself 
through a volume of earth so much the larger in propor- 
tion as the absorptive power of the earth for potash is 
smaller. 

The absorptive power of arable soil for sihcic acid 
differs just as much as for potash. 

Thus from a solution of sihcate of potash, 1 cubic 
decimetre (=61 cubic inches) of these different soils ab- 
sorbed the following quantities of sihcic acid; — 

Forest soil Hungarian Garden mould I. Bogenhausen Garden mould 11. 

HlUigr. Grains Milligr. Grains Milligr. Grains Milligr. Grains Milligr. Grains 

15 = 0-23 2644 = 43‘8 2425 = 37*3 2007=31 1085 = 16*7 

Whence to express the relative diffusibihty of sihcic 
acid in these soils, we have the fohowing proportion ; — 

Hungariaa Garden mould I. Bogenhauaen Garden mould II. Forest soil 

1*0 1*09 1*31 2*43 17*6 

The same quantity of sihcic acid which would saturate 
1000 cubic centimetres of Hungarian earth, would 
furnish a maximum supply for 1311 cubic centimetres of 
Bogenhausen loam, 2430 cubic centimetres of garden- 
mould H., and 17,600 cubic centimetres of forest soil. 

Ammonia, in the pure state, or in the form of salts, of 
amnibnia, is absorbed by arable soil just in the same way 
as potash : one kilogramme (=2*2 lbs.) of the following 
earths will absorb respectively these quantities of am- 
monia:— 

Gnban Sohleissbeim Garden mould Bogunhauaen 

MiU^. Gralm iQlUgr. Grains tfilligr. Grains llfUigr. Grains 

5520=85 • aaootseo 3240=49*9 2600=40 
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which gives the following numbers for the relative diffu- 
sibility of ammonia : — 

Cuban Schleissbelm Carden mould Bogenhausen 

1*0 1*24 1-50 2-12 

The absorptive power of arable soils for phosphate of 
lime, phosphale of magnesia, and phosphate of magnesia 
and ammonia, may be determined in the same way, and 
the relative diffusibility of these several constituents in 
different soils may be expressed numerically. 

By the term ‘ absorption number,’ we designate, in the 
following pages, the quantity reckoned in milligrammes 
(■== 0*0154 grain) of the several mineral constituents, 
which one cubic decimetre (=61 cubic inches) of earth 
extracts from their solutions. 

To determine the condition of a field, the action of the 
manures applied to it, and the depth to which the several 
nutritive substances will penetrate, it is important to 
establish proportionately the absorptive power of the soil 
for each of them ; thus, for example, 1 cubic decimetre 
of Bogenhausen loam absorbs : — 



Ammonia 

Phosphate of 
Magnesia and 
Ammonia 

Potash 

Pho^hate 

of 

Lin^ 

Relative difiusibility 

Milligrammeb 

2600 

1-0 

Milligrammes 

2566 

, 101 

Milligrammes 

2366 

1-10 

Milligrammes . 
1068 . 

2*86 

' 

• • i ' • 


Accordingly, the second series of these numbers ex- 
presses that if a certain quantity of ammonia iri its passage 
through the soil penetrates to a depth of 10 centimetres, 
the same quantity of potash will attain ’a depth of 11 
centimetres, and a hke quantity of phosphate of liine will 
reach 23*6 centimetres. 

In a soil like the Bogenhausen, which absorbs p^!r cubic 
decimetae 1098 milhgrammes of dissolved phosphate of 
lime, let us suppose that granules of phosphate Of lime 
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are dispersed, and that in one spot of the ground one of 
these granules weighing 22 milligrammes (J of a grain) 
during the course of a certain time becomes soluble in 
carbonic acid water, and spreads in the surrounding soil ; 
first of all the earth immediately around this granule will 
be saturated with phosphate of lime, then as the carbonic 
acid remains in the water and its solvent power con- 
tinues, a fresh solution will be formed, which will again 
offer phosphate of lime for absorption to a wider extent 
of earth ; at length, when the 22 milligrammes of phos- 
phate of lime are thoroughly diffused in the surrounding 
earth, they will supply 20 cubic decimetres of earth With 
the maximum of this nutritive substance in the form best 
suited for absorption. The rapidity with which the phos- 
phate of lime will dissolve and spread depends upon its 
extent of surface ; accordingly, if we suppose the granule 
to be converted into a fine powder, a solution will be 
formed richer in phosphate of lime just in proportion to 
the greater number of particles exposed within the same 
time to the solvent action of the carbonic acid. There- 
fore, assuming that ^ certain state of greater division 
twice or three times as much is dissolved in a given time, 
we infer that distribution under favourable circumstances 
will take place in one-half or one-third of the time it 
would take without the division. 

If, .therefore, in a given case the restoration of the 
productive power in a soil by fallowing or manuring 
depends upon the earth when drained of phosphoric acid 
by the roots of plants receiving the needful phosphoric 
acid h^-^k ^ain from the surrounding earthy particles, 
it follows that with an equal amount of earthy phos- 
phates the time required to accomplish this end will be 
shortened in proportion to the diviaon of the earthy 
phosphates. 
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Straw manure, after decay, leaves silicate of potash 
behind, and in the process of putrefaction evolves carbonic 
acid, which by its action upon the’ silicates sets free silicic 
acid ; hence by using this manure the diffusion of silicic 
acid must be promoted as the organic matters absorb 
none of it, and they, when mixed with the earthj must 
diminish the absorptive powers of the soil. 

The forest soil above mentioned absorbed only very 
small quantities of silicic acid from its alkaline solutions ; 
and it is evident that the addition of such soil to the 
Hungarian earth would have the effect of diffusing through 
a larger volume of earth the silicic acid set free by 
disintegration. 

*^It is not, however, the case with every soil, that its 
absorptive power for silicic acid decreases in equal pro- 
portion to the quantity of combustible substances which 
it contains. Thus the Hungarian earth above alluded to 
contains more (9*8 per cent.) combustible matter than the 
Bogenhausen loam (8*7 per cent.), yet its absorptive power 
for silicic acid is not less but greater than that of the 
latter. Hence it follows that thereto other circum- 
stances which influence the absorptive power of the Siml 
and consequently the diffusibility of silicic acid. A soil 
abounding in hydrated silicic acid will, under any circum- 
stances, absorb less silicic acid than one deficient in that 
acid, even though the latter soil should contain a much 
larger amount of organic substances. 

The ‘ absorption numbers ’ of two different arable aoils 
afford no criterion for determining the quality of the soil 
or the amount of nutritive substances which it contains ; 
they merely tell us that, in the one soil, tikO elements of the 
food of plants will spread beyond certain 
than in the other ; that the one^soil opposes ob- 

stacles to their diffusion than the other* The^ feiino^^ 
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learning the strength of these obstacles, finds out by 
experience whether they exert a beneficial or adverse in- 
fluence upon the cultivation of his fields, and ascertains 
the means of removing the injurious or strengthening 
the beneficial influences. 

On comparing a fruitful sandy soil with an equally 
fruitful loam or marl, as regards the nutritive substances 
contained in them, We are surprised to find that the sand 
with one-half, or even one-fourth, of the total substances 
contained iri the loam, will furnish an equally rich 
harvest. To understand this circumstance properly, we 
must remember that the nutrition of a plant depends less 
upon the quantity, than upon the form of the nutri- 
ment in the soil ; just in the same way as, for examjfle, 
half an ounce of animal charcoal presents as large an acting 
surface as a pound of wood charcoal. If the smaller 
quantity of nutritive substances in the sandy sod presents 
as large a surface for absorption as the larger quantity of 
those substances in the loam, the plants must thrive as 
well upon the former as upon the latter. 

If a cubic decimetre of a fruitful loam is mixed with 9 
cubic decimetres of silicious sand, so that every particle 
of sand is sm*rounded with particles of Iomd, as many 
root*>fibres and particles of loam will come into contact in 
the mixed as in an equal volume of the unmixed soil ; ■ 
and if all the particles of loam can yield the same nutri- 
ment, plants will receive from the mixed just as much as 
from the unmixed soil, though, on the whole, the latter is 
teh times richer. 

' AM fruitful sandy soils consist of a mixture of sand with 
more or less clay^^r loam ; and as silicious sand has a very 
linfitM poyrer of absorbing potash and the other mineral 
constituents of plants, the ingredients of the supplied 
manure, %hich have become soluble, spread sooner and 
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penetrate deeper into a sandy soil, which also gives back 
comparatively more of them than any other soil. In 
many cases therefore a stilOf loam may be improved by 
sand ; as, on the other hand, the addition of loam to a 
sandy soil will cause the nutritive substances, supplied by 
the manure, to remain nearer the surface, or to be re- 
tained more firmly in the arable top layer. , 

But as a sandy soil gives up at harvest more nutritive 
substances in proportion to what it contains, than a fruit- 
ful loam, a more speedy exhaustion is the consequence ; 
its power of production does not last long, and can only 
be sustained by frequent manuring, to supply the con- 
stituents which have been removed. Exactly in the same 
degree, as the manure acts more beneficially in restoring 
the productive power, the efiect of the mechanical opera- 
tions of tillage becomes less marked. 

The same causes which restore to an exhausted loam 
a large portion of its lost productive power, if the land is 
but sufficiently broken up by the plough, are at work in 
a sandy soil also ; but they produce little or no result, 
because the sand is deficient in those substances which 
the action of the plough is intended to render availabli^.' 

As the surface of a hectare (2| acres) represents 1 mil- 
lion square decimetres, the aibsorption numbers express the 
number of kilogrammes of, potash, phosphoric acid, and 
silicic acid, which, when applied on a field, will sprehd 
from the surface downwards to a depth of 10 centimetres 
(about 4 inches). Vblker, Henneberg, and Stohmann, 
in experiments made upon different soils to determine 
their absorption numbers for ammonia, observed that the 
earth retained a greater quantity from a concentrated tliki 
from a dilute solution of ammonia or salts of ammonia ; 
whence it follows, as a matter of course, that the am- 
monia is divided between the water and the soil, and that 
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from a soil fully saturatedVith ammonia, pure water will 
extract a certain quantity of it ; just as charcoal will com- 
pletely withdraw the colouring matter from a shghtly 
coloured fluid, but from one more deeply coloured will ex- 
tract a much larger quantity ; a part of which, however, 
is but feebly combined and may be removed by water. 

In Vblker’s experiments, treatment with a copious 
amount of water extracted one-half the ammonia from a 
soil saturated therewith ; the other half was retained by 
the earth. 

Soils which contain much decaying vegetable matter 
absorb more ammonia and retain it more firmly than soils 
that are poorer in decaying organic substances. Even 
assuming that two cubic decimetres of earth, instead of 
one, are required to retain completely the amount of 
ammonia indicated by the absorption number, it is clear 
that ordinary manuring with an agent abounding in am- 
monia, such as guano or salts of ammonia, can enrich the 
earth with this substance only to a very inconsiderable 
depth. 

To saturate, with ammonia, a hectare (2J acres) of 
[Pqgenhausen loam, from the surface downwards to the 
depth of one decimetre, fully, or to half-.satur||e it to the 
depth of two decimetres (7*8 inches), would require a 
supply of 2600 kilogrammes or 52 cwts. of pure ammonia, 
or 200 cwts. of sulphate of ammonia. 

If 800 kilogrammes of guano, containing 10 per cent, 
of ammonia, are applied to a hectare of Bogenhausen soil, 
the amount of ammonia added is 80 kilogrammes (^176 
lbs.), which is a little more than the thirtieth part of the 
quantity required to half-saturate the soil to a depth of 
20 centimetres. Without, the plough and harrow, the quan^ 
tity of ammonia contained in the ^ano would not pene- 
trate, at the furthest, deeperthan7 millimetres fsp0*27inch). 
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But to thrive well, plants do riot require a soil saturated 
with nutritive substances; for, the absorption numbers 
we have quoted sufficiently show how far the arable 
soils are from a state of complete saturation. All that 
plants need for their proper nutrition is that their roots, 
downwards in the soil, should come in contact with a 
certain quantity of saturated earth ; and the mechanical 
operations of tillage have the important object of con- 
veying earthy particles saturated with . nutritive substance 
and of mixing them with others, which by preceding culti- 
vation have become poorer in those constituents. 

The average crop from a hectare of wheat (2000 kilo- 
grammes=4400 lbs. of grain, and 5000 kilogrammes= 
11,000 lbs. of straw) contains 52 million milligrammes 
(=114*4 lbs.) of potash, 26 million milligrammes (=57*2 
lbs.) of phosphoric acid, and 54 million milligrammes 
(=118*8 lbs.) of nitrogen. Assuming the nitrogen to be 
supplied by the soil, the wheat plants growing on a square 
metre (==10*75 square feet) receive the ten- thousandth part 
of the potash, phosphoric acid, and nitrogen, or altogether 
13,200 milligrammes (=203*3 grains). Supposing 100 
plants to grow upon a square metre, each of these takes 
up from th#soil 132 milligrammes of these constituents, 
or 54 milligrammes of nitrogen=65 milligrammes or 1 
grain of ammonia, 52 milligrammes (=0*8 grain) of pot- 
ash, and 26 milligrammes (=0*4 grain) of phosphoric acid. 

Each cubic centimeire (=*06 cubic inch) of Bogen- 
hausen loam absorbs to saturation 2*6 milligrammes 
(=•04 grain) of ammonia, 2*3 milligrammes (=0*36 grain) 
of potash, and 0*5 milligrammes (=*008 grain) of phos- 
phoric acid; therefore, to restore a sufficiency of thele 
constituents which the wheat plant has taken from the 
soil, would require a supply of 25 cubic centimetres of 
the saturated earth, and 25 milligrammes of phosphate of 
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lime for each square decimetre of the field. Calculated 
upon a square decimetre (=15^ square inches) of surface 
and a depth of 20 centimetres (=7*8 inches), these 25 
cubic centimetres constitute the eightieth part of the 
entire mass of earth. 

The experiments of Naegeli and Zoeller, before des- 
cribed, furnish a good example of this kind of manuring. 
The manure consisted of turf, partly saturated with nutri- 
tive substances and mixed with three volumes of turf almost 
absolutely unfruitful ; this constituted a soil of the same 
degree of fertility as good garden mould. 

Such an addition of earth saturated with mineral con- 
stituents does not usually take place ; but the ordinary 
method of manuring comes exactly to the same result. 
The field is dressed with liquid or solid manuring matters 
containing nutritive substances, which combine imme- 
diately if in solution, gradually if requiring a certain time 
for solution, with the earthy particles with which they 
are in contact, and saturate them; and it is properly 
this earthy saturated with manuring matters on its outer- 
moM surface or in the inner parts with which the farmer 
manures^ i.e. with which he replaces the mineral con- 
stituents withdrawn from the soil. 

Experience has taught the agriculturist which parts of 
the soil may be enriched with nutritive substances most 
profitably for himself, or rather for his plants ; and it is 
remarkable in the highest degree how he has found out 
the proper method of manuring in accordance with the 
nature of the intended crop, the soil, and the period in 
which the plants are developed ; also whether to proceed 
by dmple top-dressing or by ploughing the manure in to a 
greater or less depth.^ 


♦ * pf the Royal Agric» Soc. England,’ t. 21, p. 030. 



144 ACTION OF SOIL ON FOOD OF PLANTS IN MANURE. 

In these respects the successes of the agriculturist 
. TOuld be still greater if the nutritive substances con- 
tained in the manure principally used, namely, farm-yard 
manure, were more uniformly mixed and distributed, 
because this would lead to a more uniform distribution 
of them in the soil. 

Farm-yard manure is a very irregular mixture of 
decaying straw and vegetable remains, combined with 
solid animal excrements, the latter constituting the 
smaller portion of the whole mass: it is soaked with 
fluids which hold ammonia and potash in solution. If a 
hundred samples be taken from a hundred different parts 
of a dung-heap, the analysis of each sample will show 
different proportions of nutritive constituents : hence it is 
evident that by a dressing with farm-yard manure hardly 
two spots in the soil will receive the same amount of. 
nutritive substances. 

The spot occupied by a dung-heap on a field during 
rainy weather, will be marked in the whole period of 
vegetation, and often even in the second year by a more 
luxuriant growth of plants, especially of cereals, though 
the plants growing on it will not always furnish a per- 
ceptibly gieater yield of grain. If the potash and 
ammonia received by this spot above what was required for 
the formation of grain, had been more evenly distributed, 
and thus accessible to the plants in other places, the yield 
of corn from those plants would have been increased ; 
whereas the excessive accumulation in one place merely 
increased the yield of straw. The unequal distribution 
of the other ingredients of farm-yard manure in the soil 
leads to a similar inequality in the developement of 
the several parts of the cereal plants. On an ideal 
field, with the nutritive substances supposed to be distri- 
buted with perfect uniformity, and aU accessible to the 
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roots^ all the cereal plants, other conditions being the 
same, should attain the same height, and each ear yield 
the same number and weight of grains.^ 

In the short, rotten farm-yard manure, the nutritive sub- 
stances are much more uniformly distributed than in the 
fresh straw manure ; and the agriculturist effects a still 
more uniform diffusion by mixing the dung with earth, 
and turning it into so-called compost. ^4^ dung and all 
other manuring agents act only through the medium of the 
earthy particles that have become saturated with the nutri- 
tive substances contained in the manure^ it is, under certain 
circumstances, advantageous for the farmer to prepare a 
saturated earth, by help of his farm-yard manure, and to 
use this composition, which may of course be made on 
the field itself. If, in accordanoe with Voelker’s valuable 
experiments, we assume one cubic m6tre (*=35 cubic 
feet) of farm-yard manure (500 kilogrammes or 1000 
pounds) to contain 660 pounds of water, 6 pounds, of 
potash, and 12 pounds of ammonia ; and if this were 
mixed with 1 cubic metre of earth, of which 1 cubic 
decimetre (==61 cubic inches) absorbs 3000 milli-* 
grammes (=^46*2 grs.) of potash, and 6000 milligrammes 
(=92*4 grs.) of ammonia ; then, after the complete decay 
of organic matter in the manure (about 25 per cent, of 
its weight), and the evaporation of one-half of the water, 
the result would be 1^ cubic metre of earth fully saturated 
with all the nutritive substances in the manure. Soils 
that wiU absorb the stated amount of potash and 
ammonia are everywhere to be found, and the farmer 
will have no difficulty in choosing the earth most suitable 
for his compost heaps. 

It is well known that dung exercises a mechanical 
action also, tending to diminish the cohesion of a compact 
soil, or to make a heavy soil and more porous. 

h 
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For soils of this kind composts are not so well suited ; 
and, instead of the earth, some very loose body ought to 
be substituted for mixing with the manure. Turf-dust 
will be found to answer the purpose best.^ 

If the crops obtained from many fields by manuring 
with fann-yard manure, bone-earth, guano, and in many 
cases also with wood-ashes and lime, are compared with 
what the same fields will yield in the unmanured state, 
the effect of these manures seems truly marveUois. 

The yield of an unmanured field must correspond with 
the ’ available nutritive substances which it contains ; a 
lower crop corresponds to a smaller store of these matters. 
In any one 43f the cases stated,- if we compare the amount 
of nutritive substances in the unmanured portion of a 
field with the crop which it produces, and then compare 
the additional nutritive substances or the quantity of dung 
with the increased crop, the iiicrease appears to be beyond 
all. proportion much greater than the additional supply. 
Hence we are led to suppose that the phosphoric acid, 
potash, and ammonia given in the manure must be much 
•more efficacious than the substances present in the soil, or 

* It is, perhaps, much more important than manuring -with composts, 
which always involves much labour and more carriage, to take ad- 
vantage of the absorbent properties of earth and turf, for fixing the 
nutritive substances contained in liquid manure. By covering the 
ground of a dunghill, on an area of 10 metres square (=10*5 sq. feet) 
with a layer of loose turf, 1 m^tre (=3*3 feet) deep, a bed of 100 
cubic metres (=3,500 cubic feet) of turf is formed, into which the 
liquid portion of the manure in the dunghill may safely be allowed to 
soak without the least risk of losing the smallest portion of its usejful 
ingredients. The turf may then be used, like dimg, for pianuring, and 
of course must be renewed every year. On fields which are not tilled, 

. such as meadows, liquid manure will naturally act ’with greater rapidity. 
The turf found in the neighbourhood of Munich, when reduced to pow- 
der, absorbs 7*892 grammes (= 122 grains) of potash, and 4*169 grammes 
(=64 grains) of oxide of ammonium, per 1000 iciubic cehtini^tres (=61 
cubic inches) Weighing 330 grammes (11 bzs.). 
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that the greater portion of them in the soil was ineffective, 
and that its power of production had depended chiefly 
upon the supply of manure. Thus it arises, that while 
some farmers believe that all manure can be dispensed 
with because tillage alone is enough to render a field pro- 
ductive, others suppose that the field can be kept fruitM 
only by manuring. All these views are based upon indi- 
vidual cases and have no general application ; for neither 
one nonthe other of the contending, parties have any clear 
knowledge of the true causes upon which the power of 
production of this kind is founded. ^ 

In the experiments made in the year 1857, by order 
of the General Committee of the Bavarian Agricultural 
Union, on the action of phosphorite upon certain fields at 
Schleissheim deficient in phosphoric acid, the following 
crops of summer wheat were reaped from two plots of 
ground, one unmanured the other dressed, per hectare 
(== 2^ acres), with 241*4 kilogrammes (= 5 30 lbs.) of phos- 
phoric acid, 657*4 kilogrammes (=13 cwt.) of phosphorite 
decomposed by sulphuric acid : — 


Manured with 657 kilogrms. 

of phosphate of lime. 
Unmanured 

1857 



. Cwt. 

Kilogr 

6114-7 = 1050 
2301-0= 46-0 

Kilogr. Cwt. 

1301-7 = 26-6 
644-3 = 12-6 

w 

Kilogr. Cwt. 

3813-0 = 76-0 
1666-7 = 32-6 


From a chemical analysis made by Dr Zoeller, of the 
Munich Laboratory, the soil of this field was found to 
give up to cold hydrochloric acid a quantity of phosphoric 
acid, which, calculated per hectare to a depth of 25. 
centimetres, amounted to 2376 kilogrammes = 5170 
kilogrammes of phosphate of lime. 
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The quantity of phosphoric acid in the corn and straw 
of the crop reaped amounted altogether to : — 

. Ulogr. ' lbs. 

From the manur^ plot . , 17*5=38*5 of phosphoric acid' 

From the unmanured plot . 8*0=!l7*6 „ 

Surplus obtained by manuring . • 9*5=20*9 >» 

In the 657*4 kilogrammes of phosphorite the field 
received altogether 241*4 kilogrammes of phosphoric 
acid ; accordingly, the surplus amounted only toi^^j-th of 
the phosphoric acid supplied in the manure. 

There is nothing surprising in this result, as the addi- 
tional phosphoric acid was not given to the plants but to 
the whole field. Had it been possible to surround each 
root with so much phosphoric acid or phosphate of lime 
as the surplus crop of corn and straw required for its 
formation, 9 J kilogrammes of phosphoric acid would have 
sufficed to double the produce of the unmanured plot ; 
but in the way in which the manure was actually applied, 
ev#y part of the field received an equal share of 
phosphoric acid. 

Thus, of the total amount of 241*4 kilogrammes, only 
9*5 kilogrammes came into contact with the roots of the 
plants, the remainder, though quite suitable for food, 
retnaining inactive. To enable the. plant to take up' one 
part of phosphoric acid, it was necessary to supply the 
field with five-and-twenty times this quantity. 

• On the other hand, the effect of the manure appears out 
of all proportion greater as compared with the stq^e of 
phosphoric acid in the field. 

The quantity of phosphoric acid contained.in the corn 
and straw reaped from the unmanured plot is ^^th of 
the total amount of phosphoric acid in the field | that in 
' the surplus crop is ^^yth of . the phosphoric isdid Applied 
by the manure. As the manured plot gave ddtible the 
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produce of the upmanured, the effect of the phosphoric 
acid supplied by the manure is apparently twelve times 
greater than that of the add originally contained in the 
soil. 

The quantity of phosphoric acid supplied (241*4 kilo- 
grammes) amounted to -j-^^th of the total quantity in the 
field (2376 kilogrammes). If the action of both had 
been alike, the surplus crop should have corresponded to 
the additional supply, but instead of being -^th greater, 
it was double the crop obtained from the iinmanured plot. 

This fact is explained by the absorptive number of the 
Schleissheim soil for phosphoric acid or phosphate of 
lime. 

If the store of phosphoric acid in the field had been 
uniformly distributed in the form of phosphate of lime 
(5170 kilogrammes) to a depth of 25 centimdres (9*8 
inches), each cubic decimetre (61 cubic inches) would 
contain 2070 milligrammes (32 grains), each cubic centi- 
metre about 2 milligrammes of phosphate of lime. 

The field was manured with 657*4 kilogrammes of 
phosphorite in a soluble state, corresponding to 525 
million milligrammes (525 kilogrammes) of pure phosphate 
of lime. 

As determined by direct experiments, 1 cubic deci- 
metre of Schleissheim soil absorbs 976 milligrammes of 
phosphate of lime, Each square decimetre received in 
the . manure 525 milligrammes, which, dissolved by rain 
water in its descent through the soil, would be sufiicient 
to saturate the earth fully, with phosphate of lime, to a 
depth of .5*4 centimetres (rather more than 2 inches), or to 
half-saturate it to a depth of 10*8 centimetres^ Hence the 
manuring served to Ihrich the upper layer of the soil with 
phosphate of lime, not to the extent of -^th, but to 50 per 
c€i^$and the^eater pact of this in a state available for 
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the nutrition of plants. The absorptive power of the soil 
explains, therefore, why the crops obtained from manured 
fields are rather in proportion to the nutritive substances 
suppHed in the manure, than to the store of these elements 
originally present in the soil. 

The operation of manuring agents, severally or jointly 
applied, is even more marked upon soils which are poorer 
in nutritive substances than the field at Schleissheim above 
mentioned. 

The following results were obtained on a field broken 
up for the purpose, which had not been touched by the 
plough for fifteen years, and had served as pasture for 
sheep. The entire surface -layer of the ground at 
Schleissheim is 6 inches deep at most ; below this there is 
no more soil, but a bed of rubble stones, which might be 
compared to a sieve with meshes an inch wide, through 
which the water runs freely ; the crop obtained from the 
unmanured portion will give some idea of its sterility. 
Another portion was manured with superphosphate of 
Hme ; the quantity used per hectare (=2^ acres) was 525 
kilogrammes (=10 cwt.) of phosphorite decomposed by 
sulphuric acid, containing 193 kilogrammes of phosphoric 
acid, or 420 kilogrammes (=8 cwt.) of phosphate of lime. 

Crop of winter-rye in 1858 at Schleissheim, per hec- 
tare : — 


Manured Mrith phosphorite 
(rendered soluble by sul- 
phuric acid) 83 525'3 kilo. 
(10 cwt) containing 192*8 
kilo. (3*8 cwt) P O5, cor- 
responding to 420 kilo. 
(8 cwt.) of pure phosphate 
of lime. 

Unmanured . 


Total crop 

Com 

Straw 

Kilo. Cwt. 

Kilo. Cwt. 

Kilo. Cwt. 

1996*4* 391*0 

664*2*128*0 

1341*2*200*0 

.V 

397*6* 7*8 

116*0* 2*8 

282*6 * 6*6 

. 
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THE SURFACE SOIL AND MINERAL MATTERS. 

Dr. Zoeller found by analysis that this field contained, 
per hectare, to a depth of 6 inches, only 727 kilogrammes 
(=14 cwt.) of phosphoric acid. 

The plot manured with phosphoric acid produced six 
times more corn and five times more straw than the un- 
manured plot. It will be observed that, however strik- 
ingly the action of manure was exhibited, this more 
abundant crop did not equal that in the experiment pre- 
viously mentioned of the unmanured plot kept for a con- 
siderable time under culture. Upon comparing the 
amount of phosphoric acid contained in the two fields, 
we find that as the sheep pasture, to the depth of 6 inches, 
contained only half as much as the other (tilled but 
unmanured), the dressing with superphosphate was only 
just sufficient to make the sheep-meadow, to the depth of 
8 or 10 centimetres (=3 to 4 inches), equal to the other 
unmanured plot, in respect of the phosphoric acid con- 
tained in it. 

These considerations explain how it is that by the 
absorption of nutritive substances in the upper layers of 
the soil a supply of these constituents or manuring ingre- 
dients, small in comparison to the total store in the 
ground, exercises so remarkable an action in the increase 
of produce, in the case of plants wMch draw their food 
chiefly from the upper layers of the arable surface soil. 

If the action of the mineral constituents depends upon 
the sum of effective particles in certain places in the soil, 
the action rises with the number of particles by which 
the sum has been increased in these very places. 

A more accurate acquaintance with the composition of 
arable surface soil, and its relation to the nutritive sub- 
stances, together with a consideration of the nature and 
requirements of plants^ must gradually lead to a compre^ 
hension of naany other phenomena in agriculture^ which^ , 
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hitherto are quite unexplained, and to many farmers are 
absolute mysteries. Although we know most accurately 
the general laws of the growth of plants, as far as these 
stand in connection with soil, air, and water, yet in many 
cases it is extremely difficult to discover the causes that 
render a soil unproductive for one culture-plant, e.g. peas, 
while the same soil is fruitful for other plants which 
require the same nutritive substances as peas, and gften 
in still greater quantity. If the ground is rich enough 
in nutritive substances for these other plants, why is it 
tliat they do not act in the same way upon the peas ? 
What causes prevent the latter from appropriating the 
nutritive substances, which the ground offers to other 
plants in a perfectly available condition ? EinaUy, how 
comes it that this very soil, after a few years, will ^ain 
yield a remunerative crop of peas, although by inter- 
vening harvests we have rather impoverished than en- 
riched its store of nutritive substances; and that peas, 
when sown among oats, barley, or summer com, will- 
often yield a higher crop than when they grow alone 
upon a field, and have not to share with other plants the 
store of mineral constituents ? 

Analogous facts are observed in the cultivation of 
clover. In many Sstricts, a field, after producing many 
clover crops, will become almost unfruitful for that plant. 

In such cases, manuring fails in restoring to the field 
the power of producing clover ; but after several years, 
during which the same field continues to give remune- 
rative crops of cereal and tuberous plants, the soil again 
becomes for a while fruitful for clover. 

For a considerable number of our cultivated plants we 
have a pretty accurate knowledge of specific manuring 
agents, i.e. those which have a- peculiarly favourable 
,influenoe upon the majority of fields; 
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as a rule, acts beneficially in all cases ; salts of ammonia 
are especially valuable for cereals, superphosphate of lime 
for turnips; bone earth and ashes will perceptibly in- 
crease the produce of fruitful clover-fields, and, in hke 
manner, a supply of lime will often make a field fruitful 
for clover, though otherwise unable to bear it. 

But upon fields which have become, as it is termed, peas 
or clover sick, that is, have lost their power of producing 
these plants, all these matters otherwise favourable for 
their growth exercise beyond a certain time no further 
beneficial action. It is this fact in particular which 
embarrasses the practical farmer, and makes him doubt 
the lessons taught by science. 

When the farmer is compelled to give up for many 
years the cultivation of plants which he had found remu- 
nerative, and science has no power to help him over his 
difficulties, what is the use of theory ? So says the agri- 
culturist who is himself unacquainted with the essence of 
theory. 

It is a common error to fancy that an accurate know- 
ledge of theory wiU give the power of explaining aU 
cases' that occur. Theory of itself does not explain a 
single phenomenon in astronomy, mechanics, physics, or 
chemistry ; it studies and points out the causes which lie 
at the foundation of all phenomena, not the special causes 
upon which an individual phenomenon depends. 

Theory requires that the causes which govern each 
individual case should be sought out one by one, and then 
the explanation is the proof or exposition of the manner 
in which they work together to produce the particular 
fact. It teacffies us what to look for, and how to employ 
proper experiments in the discovery. 

The reason why we have arrived at no conclusions 
abe^t $he f^ mentioned, depends chiefly upon this. 
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that liitherto the practical farmer has troubled himself 
vety little about the causes of those facts, as, indeed, the 
investigation of causes is not his proper business ; while 
those who have undertaken this task show, by the way in 
which they attempt to discharge it, that they are but little 
acquainted with the plant as an organised being, having 
peculiar requirements which must be accurately known 
by all who would cultivate it properly. 

In the following remarks I shall compare a pea-plant 
with a cereal, and shall caU the attention of agricultur- 
ists to certain peculiarities which have to be considered 
in the cultivation of both plants. 

A moderately moist, strong soil, not too cohesive and 
perfectly free from weeds, is particularly suited for peas 
and barley ; a well-tilled, calcareous loam or marl is the 
best for both plants. An arable surface soil 6 inches 
deep suffices for barley, which, with its fine-matted roots 
spreading in tufts, finds a loose subsoil rather injurious 
than beneficial. Presh manuring just before sowing acts 
powerfully on the growth of barley. Whilst the barley- 
corn should not lie lower than 1 inch, the pea thrives 
best if the seed is put 2 or 3 inches deep in the soil. The 
roots of the pea-plant do not spread sideways but go 
deep into the earth ; hence peas require a deep soil tilled 
down to the lower layers, and a loose subsoil. Fresh 
manure has scarcely any influence upon the growth of 
peas. 

It results firpm these peculiarities of both plants, that 
the barley derives the conditions of its growth principally 
from the arable surface soil, the pea principally from 
the deeper layers of the soil. What the ground may 
contain below the deptli of 6 inches is a matter of* indif- 
ference for the barley; the contents of these deeper 
layers are everything to the pea. 
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If we now* inquire what demands are made upon the 
soil by the two plants, we find from Mayer’s investiga- 
tions {‘ Eesults of Agricultural and Chemical Experiments, 
Munich, 1857,’ p. 35), that the pea-seeds contain one-third 
more ash constituents (3*5 per cent.) than the barley- 
corns, and that the amount of phosphoric acid is pretty 
much the same in both (2*7 per cent.). Therefore, all 
other conditions being equal, the subsoil from which the 
pea derives its phosphoric acid must be as rich in that 
ingredient as the arable surface soil which supplies it to 
the b«:ley. 

The case is different with nitrogen — for the same 
amount of phosphoric acid, peas contain nearly twice as 
much nitrogen as barley. Assuming both plants to derive 
their nitrogen from the soil (which is, perhaps, not quite 
correct in the case of peas), then for every milligramme 
of nitrogen absorbed by the roots of the barley from the 
arable surface soil, twice as much must be received by 
the peas from the deeper layers. - 

These considerations throw some light, I think, upon 
the cultivation of peas; for this plant requires a very 
peculiar condition of the soil ; and it is more easy to con- 
ceive that a ground exhausted by bearing peas should 
refuse to bear any more, than that the same sod, after the 
lapse of some years, should again become fruitful for this 
plant. ^ 

According to these considerations, and assuming an 
equality of the absorbent root-surface in both plants, a 
fcbsoil fruitful for peas must contain as much phosphoric 
acid, and twice as much nitrogen, as an arable surface soil 
suited for the cultivation of barley. For the phosphoric 
acid, the assumption is correct. 

We understand, without difficulty, the beneficM effect 
of manure upon an exhausted barley field. Barley derives 
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all the conditions of healthy growth from the sur^e soil, 
which is restored to its original state of productiveness 
by the manure applied. 

But from our acquaintance with the properties peculiar 
to* arable soil, we know that a layer 6 to 10 inches 
deep will retain all the ammonia potash and phosphoric 
acid contained in the largest quantity of manure usually 
applied by farmers ; and this, too, so firmly that, except 
for some accidentally favourable circumstances, hardly a 
particle will ever reach the subsoil. 

If a field is sown with plants which requirei#^* deep 
ploughing, so that a sufiicient portion of the rich surface 
is mixed with the exhausted subsoil, it is easy to under- 
stand that the latter may gradually become again fruitful 
for peas. The time in which this is effected depends of 
course upon the accidental selection of the plants grown 
in succession on the field. 

In this view of the matter, the agriculturist has it imhis 
power, by right management of his field, to shorten the 
time, and make the land again fit for successive crops of 
peas. 

It is a fact, that many fields in the vicinity of towns 
will bear year after year, or every two years, abundant 
crops of peas, without ever becoming ‘pea-sick and we 
know that the gardener, to achieve this result, has 
course to no extraordinary appliances, but merely tills Ms ; 
land deep and very carefully, using much more mianure 
than the farmer can afibrd to do. 

The frequent failure of peas is therefore not so, vei^ 
unaccountable ; and there seems no reason why the. far- 
mer should despair of cultivating peas as often as seiwes 
his purpose, if he employ the ri^t means to , enrich his 
field in the proper spots with the elements of 
peas require. 
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In all problems of this kind, the secret of success is, 
not to suppose that the solution is easy, but that it is 
attended with great difficulties ; for, if these did not 
exist, experimental art would long ago have found the 
solution. 

The many unsuccessful experiments of Messrs. Lawcs 
and Gilbert to make a clover-sick field again productive 
for clover, •have a certain value, in as far as they show 
that mere experimenting leads to nothing. If I here 
bestow upon these experiments an attention which they 
do not deserve, my object is, not to submit them to ‘a 
passing criticism, but to wai’n the practical man how he 
ought not to proceed in trying to solve his problems, if 
he wishes that his efforts should meet with success. The 
conclusions which Messrs. Lawes and Gilbert have drawn 
from their numerous experiments are as follows : — 

They found that when land is not yet clover-sick, the 
crop may frequently be increased by manuring with salts 
of potash and superphosphaie of lime ; 'that when, on 
the contrary, the land is clover-sick, none of the ordinary 
manures, whether ‘ artificiaF or ‘ natural,’ can be relied 
upon to secure a crop; and that the only way is to wait 
some years before repeating red clover on the same land. 

' It is hardly necessary to remark, that what Messrs. 
Lawes and Gilbert are here pleased to call conclusions, 
no conclusions at all ; what they have discovered 
been experienced by thousands of agriculturists 
before them ; and the only conclusion which they were ' 
permitted to draw should have been this — that in their 
attempts, by certain manures, to make a clover-sick field 
again luroductive for clover, they failed. In truth, they 
have hotitriven, m the remotest degree, to procure ittfor- 
maridn about the causes of clover-sickness ina fi^d, but 
thOy have simply tried diflbrent manures, in the .hope of 
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finding out one that might serve to restore the original 
productive power of the field, and such a manure they 
have not found. 

Messrs. Lawes and Gilbert assume that, with respect to 
the soil, the clover plant bears the same relation as wheat 
or barley; and finding that on a field (whereon, notwith- 
standing the richest manure, clover had failed) an abun- 
dant barley or wheat crop was obtained the yfhr after, it 
became a settled conviction with them that the failure of the 
clover had been caused by a specific disease generated in 
the soil by the cultivation of clover ; this disease would 
attack the clover plant, but not the roots of wheat or 
barley. 

Clover differs entirely from the cereal plants in this 
respect, that it sends its main roots perpendicularly down- 
wards, when no obstacles stand in the way, to a 
depth which the fine fibrous roots of wheat and barley 
fail to reach; the principal roots of clover (as may be 
seen more especially with Trifolium pratense) branch off 
into creeping shoots, which again send forth fresh roots 
downwards. 

Thus clover, like the pea plant, derives its principal food 
from the layers below the arable surface soil ; and the 
difference between the two consists mainly in this — that 
the clover, from its larger and more extensive root-sur- 
face, can still find a sufficiency of food in fields where 
peas will no longer thrive : the natural consequence is, 
that the subsoil is left proportionably much poorer by 
clover than by the pea. 

Clover-seed, on account of its small size, can furnish 
from its own mass but few formative elements for the " 
young plant, and requires a rich arable surface for its 
developement ; but the plant takes comparatively little 
food from the surface soil. When the roots have pierced 
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through this, the upper parts are soon covered with a 
corky coating, and only the fine root-fibres ramifying 
through the subsoil convey food to the plant. 

Now, if we look at the experiments made by Messrs. 
Lawes and Gilbert to render a clover-sick field pro- 
ductive again for clover, we see, at once, that all the 
means employed were well adapted to enrich the upper- 
most layers of their field with nutritive substances for 
wheat and barley ; but that the clover plant could derive 
benefit from this manuring only in the first stage of 
developement, while the condition of the lower layers 
remained unaltered, just as if the field had received 
no nutriment of any kind. 

The manures apphed by Messrs. Lawes and Gilbert 
were superphosphate of hme (3001bs.»of bone-earth and 
225 lbs. of sulphuric acid j)er acre); sulphate of potash 
(500 lbs.); sulphate of potash and superphosphate, mixed 
alkaline salts (500 lbs. of sulphate of potash, 225 lbs. 
of sulphate of soda, 100 lbs. of sulphate of magnesia) ; 
mixed alkalis with superphosphate ; further, salts of 
ammonia alone, and the same salts with superphosphate 
or mixed alkalis ; farm-yard manure (15 tons), together 
with lime, or with lime and superphosphate, or with lime 
and alkalis in the most varied proportions ; then soot ; 
soot with lime ; soot with lime, alkahs, and superphos- 
phate. None of these manures had the slightest efiect ; 
the clover-sick field ' continued just as unproductive for 
clover as before. 

The reason why these manures were inoperative is 
not difficult tift find. Messrs. Lawes and Gilbert, in their 
report, leave us, indeed, in the dark as to the nature 
and condition of the soil upon which their experiments 
were- made ; but from some incidental observations in 
previous papers, we know that the fields af Bothamstecid 
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consist of a rather heavy loam, very well suited for 
cereals, and especially for barley. 

From experiments upon the absorptive power of loam, 
we may assume, without risk of error, that one cubic 
decimetre (=61 cubic inches of loam) will absorb 2000 
milligrammes (=31 grains of potash), and 1000 milli- 
grammes (=15*5 of phosphate of lime). 

The surface of an acre of loam (=405,000 square 
decimetres) wiQ therefore absorb to a depth of 1 deci- 
metre (=4 inches) 805 kilogrammes (=1,771 lbs.) of 
potash, and 405 kilogrammes (=891 lbs.) of phosphate 
of lime. 

The most copious dressing with sulphate of potash 
which Messrs. Lawes and Gilbert gave to their field 
amounted to 500 lbs. (=270 lbs.) of potash; the most 
copious of the superphosphate dressings represented 
300 pounds of phosphate of lime. 

Had Messrs. Lawes and Gilbert put upon the field the 
sulphate of potash and the phosphate of lime in a state 
of complete solution, the whole quantity of potash em- 
ployed would have penetrated no deeper than 2 centi- 
metres, or not quite an inch, and the phosphate of lime 
no deeper than 4 centimetres, or a little more than 1*6 
inch. Both manures, however, were strewed over the 
field and ploughed in ; still it cannot be assumed that the 
layers below a depth of 8 inches could have received 
any considerable quantity of potash t)r phosphate of lime. 

At page 10 of their paper (‘ Eeport of experiments on 
the growth of red clover by* different manures^) Messrs. 
Lawes and Gilbert say, ‘ Those who have .paid attention 
to the spread of disease in clover, on land which is said 
to be clover-sick, will have observed, that however luxu- 
riant the plant may be in the autumn and winter, it will 
show signs of ^failure in March or April/ The same fact 



CAUSE OF THE FAILURE OF CLOVER. 161 

# 

was observed in all their experiments. A field on which 
clover had failed was sown with barley, and when this 
•had yielded a rich crop, another attempt was made with 
clover. ^ 

‘ The plants (say Meisrs. Lawes and Gilbert) stood 
tolerably weU during the winter, but as the spring 
advanced they died off rapidly.’ There cannot be the 
slightest doubt about the reason of this decay; the ex- 
hausted subsoil had not received back any of the lost 
conditions of fertility, and thus the plants were starved 
as soon as they had pushed through the arable surface 
soil, and their roots were beginning to spread in the subsoil. 

If the failure of the clover was attributable to a 
disease, this must have been of a very singular nature, 
as the richly-manured arable soil showed no traces of 
it, and it was only the subsoil which was clover-sick. 
The notion that there is any disease engendered by the 
cultivation of clover is refuted most completely, though 
unconsciously, by Messrs. Lawes and Gilbert themselves. 
They say, page 17, ‘Before we enter upon the probable 
causes of the failure in clover, it may be well to give the 
results of some experiments conducted in the kitchen- 
garden at Eothamstead. The soil was in ordinary garden 
cultivation, and has probably been so for two or three 
centuries. Early in 1854, the ^j-^oth of an acre (about 
square yards) was measured off and sown with red 
clover on March 29. From that time to the end of 1859 
fourteen cuttings have been taken without any resowing 
of seed. In 1856 t^^s little" plot was divided into three 
equal portions, of which one was manured with gypsum, 
another with sulphates of potash, soda, and magnesia, and 
superphosphate of lime.’ 

‘ The estimated total amount of green clover obtained 
from this garden soil in six years, without further manure, 

M 
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is about 126 tons per acre, equal to about 26-| tons of 
hay. In four years the increase by the use of gypsum 
amounted to 15^ tons of green clover. The increase in* 
the ^ur years by the use of the alkalis and phosphate is 
estimated to amount to 28f tonsb of green produce.’ 

‘ It is worthy of remark,’ continues the report, ‘ that 
it was in some of tlie very same seasons in which these 
heavy crops of clover were obtained from the garden 
soil, that we entirely failed to get anything like a mode- 
rate crop of clover in the experimental field, only a few 
hundred yards distant.’ 

It is, indeed, most worthy of remark, that upon the ex- 
perimental field the earth was poisoned by the vegefiition 
of the clover, so as to render it incapable of further bear- 
ing this plant ; while, at the very same time, under hke 
climatic conditions, the self-same clover-plant engendered 
no poison in the rich garden soil. 

A comparative examination of the garden and of the 
field-soil seems never to have been thought of, since the 
two agricultural chemists were, as we before remarked, 
in search of an efficient manure, not of the cause of the 
failure of the plant. But though they have hot found 
the smallest shred of a fact which might serve in any way 
to explain the strange behaviour of the clover-plant upon 
the two fields, they do not hesitate to present the farmer 
with the following ingenious explanation : — 

‘ Among plants,’ say they, ‘ there are certain kinds 
which are peculiarly circumstanced with respect to the 
nature of their food ; the cereals, among others, feed 
principally upon inorganic matters, whilst others, the legu- 
minous plants, e.g. clover, are dependent for luxuriant 
growth, more or less, upon a supply within the soil of 
complex organic compounds.’ 

Taking their stand upon the fact that they have failed 
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to discover any explanation, which, in their opinion, they 
surely must have done, had it been possible to find 
one, they coolly ask us to believe that there are, among 
the higher classes of plants, certain species bearing about 
the same relation to other species as the carnivorous to 
the graminivorous animals ; and as the former feed upon 
complex organic compounds prepared in the bodies of 
the latter, so it is, also, with the clover plant ; like mush- 
rooms, it represents the carniyorous order in the vege- 
table kingdom. 

It is hardly worth while to take any notice of tins ex- 
planation ; but it might still prove useful to inquire 
whether, apart from all consideration of the absorptive 
power of the soil, Messrs. Lawes and Gilbert have really 
exhausted all the means that might have been employed 
to restore the productiveness of the clover-sick field for 
clover, so as to be justified in giving it as their opinion 
that when land is clover-sick, none of the ordinary 
manures, artificial or natural, can be relied upon to secure 
a crop. 

We may ask why Messrs. Lawes and Gilbert did not, 
instead of superphosphate of lime, try bone ash, the action 
of which extends much deeper than that of the super- 
phosphate; and why sulphate of potash and sulphates 
alone were employed ? It is not impossible that common 
wood ashes might have proved more effective than sul- 
phate of potash ; and, above aU, chloride of potassium 
ought to have been tried, which, as an ingredient of liquid 
manure, is more useful to clover than any other of the 
potash salts. It is also difficult to understand why liquid 
manure was not employed, and why chloride of sodium 
was excluded fi:om the list of manuring agents. If we 
consider what Messrs. Lawes and Gilbert omitted to do in 
their endeavour to solve the problem, and what they 
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ought to have done, the conclusion is inevitable, that they 
had no accurate notion of the nature of their task. 

N’ow, the want of a proper insight into the nature of a 
phenomenon which is to be investigated is surely the 
greatest of all difficulties in the way of attaining a practical 
result. If the unproductiveness of a field for clover and 
peas depends upon a want of nitrogenous food in the 
deeper layers of the soil, and upon no other cause, the 
absorptive power of the various soils for ammonia renders 
it extremely difficult to enrich the subsoil with this ele- 
ment of fpod. But the case is quite different with the 
nitrates, which penetrate to any depth, as the nitric acid 
is not absorbed by the soil ; probably, nitrate of soda may 
afford a means of making a field productive for clover or 
peas, in cases where there is a deficiency of nitrogenous 
food. 

As manuring with burnt lime is often found beneficial 
for clover and also for peas, and a calcareous soil tends, 
in a special degree, to promote the formation of nitric 
acid, it is not improbable that it is owing to this property 
that lime promotes the growth of deep-rooting plants by 
converting ammonia into nitric acid, and causing nitro- 
genous food to find its way to the deeper layers of the 
soil. 
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CHAPTEE IV. 

FARM-YAED MANURE. 

The fertility of a soil depends upon the sum of available food, the continu- 
ance of the fertility upon the total amount of all food in it — Chemical 
and agricultural exhaustion of the soil — Exhaustion of the soil by culti- 
vation, laws regulating its progression,* effect of the transformation in 
the soil of the chemically fixed into physically fixed elements of food ; 
eftect on the progress of exhaustion by partial restoration of the with- 
drawn food of plants — Progress of the exhaustion by different cultivated 
plants — Cultivation of cereals, consequence of removing the grain and 
leaving the straw in the soil; intervening clover and potato crops; 
effect of leaving in the ground the whole or a portion of these crops ; 
division of soils ; productive power of wheat fields increased W accumu- 
lating in them the materials derived from clover and potato iffilds ; cul- 
tivation of fodder plants; their food partly derived from the subsoil; 
addition of these increases the productive power of the surface soil — 
Natural connection between the cultivation of cereals and fodder plants, 
the influence on the fertility of land — Exhaustion of the soil removed 
by the restoration of the withdrawn mineral constituents ; the excrement 
of men and animals contains these ; their restoration depends upon the 
agriculturist. 

T O form a correct idea of the effects produced by farm- 
yard manure in husbandry, it must be remembered 
that the fertility of a soil is always exactly proportionate 
to the amount which it contains of nutritive substances in 
a state of physical combination ; and that the permanence 
of its fertility or its productive power stands in proportion 
to the total quantity of the constituents in the soil capable 
of passing over into that physical condition. 

The amount of crop reaped from a field in a given 
time is proportionate to that fraction of the total con- 
stituents which has passed during this time from the 
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ground into the plants grown upon it. K one of two 
fields yields twice as large a crop of wheat and straw as 
the other, this necessarily presupposes that the wheat- 
plants upon the one field have received from the ground 
twice as much nutriment as those upon the other. 

If the same or different plants are cultivated in succes- 
sion on a field, the crops will gradually decrease, and the 
soil will be termed ‘ exhausted,’ in an agricultural sense, 
when the crops cease to be remunerative, i. e. do not cover 
the expense of labour, interest of money, &c. As the 
high crops were caused by the soil giving to the plant a 
certain number of parts fi^om the total nutritive substances, 
just so the exliaustion of the field proceeds from a diminu- 
tion in the sum of tliose nutritive substances. 

The same number of plants cannot thrive upon the 
same field as formerly, if the same quantity of nutritive 
substances enjoyed by the previous crop is no longer to be 
found. <Che exhaustion of a cultivated field in a chemioil 
sense differs from tlie agricultural use of the term in this, 
that the former refers to tlie total amount of nutritive 
substances in the soil, the latter to that portion only of 
the total amount which the ground can furnish to plants. 
A field is termed exhausted in a chemical sense when it 
altogether fails to produce any more crops. 

Of two fields, one of wliich contains, to the same depth, 
a hundred times, the other only thirty times, the amount 
of food required by a full wheat crop, the former furnishes 
to the roots of the plants more nutriment than the latter 
in the proportion of 10:3, supposing the condition and 
mixture of the soil to be the same in both cases. If the 
roots of a plant receive from certain spots of the one field 
10 parts by weight of nutriment, the roots of the same 
plant will find upon the other field only 3 such parts 
available for absorption. 
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An average wheat crop of 2000 kilogrammes (=39 
cwts.) of grain, and 5000 kilogrammes (=98 cwts.) of 
straw, receives from a hectare (=2^ acres) of ground 250 
kilogrammes (=5 cwts.) of ash constituents, on an average. 
I^’ow, upon the supposition that a field, to give an average 
crop, must contain 100 times that quantity (or 25,000 
kilogrammes) of ash constituents in a perfectly available 
state, it follows that such a field gives 1 per cent, of its 
total store to the first crop. 

The soil will still continue productive for new wheat 
crops in the following years ; but the amount of produce 
will gradually decrease. 

If the soil is most carefully mixed, the wheat plants 
will, in the next year, find everywhere upon the same 
field 1 per cent, less nutriment, and the produce in corn 
and straw must be smaller in the same proportion. If 
the climatic conditions, the temperature, and the fall of 
rain remain the same, there will be reaped from the field 
in the second year only 1980 kilogrammes of grain, and 
4950 kilogrammes of straw ; and in each succeeding year 
the crop must fall off in a fixed ratio. 

If the wheat crop in the first year took away 250 kilo- 
grammes of ash-constituents, and the soil contained per 
hectare to the depth of 12 inches one hundred times that 
quantity (25,000 kilogrammes),- there would remain in 
the ground at tfie end of the thirtieth year of cultivation 
18,492 kilogrammes of nutritive substances. 

Whatever variations in the amount of produce may 
have been caused by climatic conditions during the inter- 
vening years, it is evident that in the thirty-first year, if 
there has been no restoration of mineral matters, the 
field will produce, even under the most favourable cir- 
cumstances, only if|f=0’74, or somewhat less than three- 
fourths of an average crop. 
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conditions of its fertility, that is, after a course of years of 
cultivation it loses the power of again producing this crop, 
plant, or part of a plant. A thousand grains of corn require 
from the soil a thousand times as much phosphoric acid as 
one grain ; and a thousand straws demand a thousand times 
as much silicic acid as one straw. When, therefore, liie 
soil is deficient in the thousandth part of phosphoric or 
silicic acid, the thousandth grain or the thousandth straw 
will not be formed. If a single stalk of corn is taken 
away from a field, the consequence is that the field no 
longer produces ohe straw in its room. 

Hence it follows that a hectare of ground, containing 
25,000 kilogrammes of the ash«constituents of wheat, 
uniformly distributed, and presented to the roots of the 
plants in a perfectly available condition, CRn, up to a 
certain point, continue to give in succession remunerative 
crops of various cereal plants, without receiving any 
restoration of the mineral constithents taken away in the 
corn and straw, provided that the uniform mixture of . the 
soil be maintained by careful ploughing and other suit- 
able means. The succession of crops is determined by 
this principle, that the second plant must always take 
away from the soil less than the first, or possess a greater 
number of roots, or generally a larger absorbent root- 
surface. After the average crop of the first year, the 
crops would go on yearly diminishing. 

The farmer, to whom uniform average harvests are the 
exception, and an alternation of good and bad crops 
dependent upon change of weather ijs the rule, would 
hardly notice this constant diminution, even supposing his 
field to be actually in that favourable chemical and 
physical condition which would enable him to cultivate 
wheat, -rye, and oats for seventy years in succession, 
without restoring any of the mineral constituents removed 
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from the soil. Good crops approaching the average in 
favourable years, would alternate with deficient crops in 
bad seasons ; but the proportion of unfavourable to 
favourable returns would go on increasing. 

Most of the land under cultivation in Europe is not in 
* thb physical condition assumed in the case of the field 
which we have been considering. 

In most fields the phosphoric acid required by the 
plants is not all distributed in an effective condition, and 
accessible to the roots ; a part of it is merely disseminated 
through the soil in the form of small granules of apatite 
(phosphate of hme) ; and even where the soil contains 
altogether a quantity more tlian sufiicient, yet in some 
parts of it there is much more and in others less than the 
plants require. 

If we suppose our field to contain 25,000 kilogrammes 
of the ash-constituents of wheat equally distributed 
through the soil, and fit^e, ten, or more thousand pounds 
of the same constituents, unequally distributed, the phos- 
phoric acid as apatite, the silicic acid and potash as 
decomposable silicates ; and, further, if every two years a 
certain quantity of this second portion of food elements 
becomes, in the manner stated, soluble and distributable, 
so that the roots of plants in all parts of the arable 
soil could find as much of these nutritive substances 
as in the preceding years of Cultivation — sufiicient, there- 
fore, for an average crop ; we should, in that case, be able 
to obtain full average crops for a number of years by 
always letting a year of fallow intervene after a year of 
cultivation. Instead of thirty progressively decreasing 
crops, we should in that case reap thirty full average crops 
in sixty years, if the excess of mineral matter in the soil 
were sufficiently large to replace everywhere the phos- 
phoric acid,.snicic acid, and potash taken away in each 
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year of crops. After the exhaustion of this excess of 
mineral matter, the period of diminishing crops would 
commence for our field, and the interposition of fallow 
years would, after this, no longer exercise the least influ- 
ence on the production of larger crops. 

If the excess of phosphoric acid, silicic acid, and 
potash, which we have assumed in the case under consi- 
deration, were not unequally but uniformly distributed, 
and everywhere perfectly accessible and available to the 
roots of the plants, our field would be able to yield 
thirty full average crops in thirty 'Successive years, with- 
out the intervention of a season of fallow. 

Let us return to our field, which we have assumed to 
contain 25,000 kilogrammes of the ash-constituents of 
wheat, equally distributed through the soil, and in a suit- 
able state for absorption by the roots. Suppose we were 
to cultivate wheat upon it year after year, but instead of 
removing the entire crop we were merely to cut oflT the 
ears, leaving the straw on the ground and immediately 
ploughing it in ; the loss sustained by the field would, in 
this case, be less than before, as all the constituents of the 
straw and the leaves would be left in the field, the mine- 
iul constituents of the grain alone having been removed. 

The straw and leaves contain, among their constituent 
elements, the same mineral substances as the grain, only 
in difierent proportions. If the total quantity of phos- 
phoric acid conveyed away in the straw and corn be 
designated by the number 3, the loss will be only 2, if 
the straw is left in the ground. The decrease of produce 
from the fi^ld, in the following year, is always in propor- 
tion to the loss of mineral substances occasioned py the 
preceding crop. The next produce of grain wiU be a 
little larger than it would have been had the straw not 
been left in the ground; the produce of straw will.be 
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nearly the same as in the preceding year, because the 
conditions for the formation of straw have been but 
slightly altered. 

Thus then, by taking away from the ground less than 
formerly, we increase the number of remunerative crops, 
or the sum total of grain produced in the whole series of 
corn harvests. Some of the straw-constituents are con- 
verted into corn-constituents, and are now removed from 
the field in the latter form. The period of final ex- 
haustion, though sure to come in the end, will, under 
these circumstances, occur later. The conditions for the 
production of grain go on continually decreasing, because 
the substances removed in the corn are not replaced. 

It would make no difference in this respect, if the 
straw were cut and carted about the field, or used as 
litter for cattle, and then ploughed in; the supply thus 
bestowed upon the field, having been originally taken 
from the field, cannot enrich it. 

Considering that the combustible elements of the 
straw are not supplied by the soil, it is clear that in 
leaving the straw in the ground we leave nothing more 
than the ash-constituents of the straw. The field re- . 
mained somewhat more fruitful than before, because a 
little less had been taken away. 

If the corn ‘or its ash-constituents were ploughed 
in with the straw, or if, instead of it, a correspond- 
ing quantity of some other seed containing the 
same ash-constituents as wheat, e. g. ground rape-cake, 
that is, rape-seed freed firom the fatty oil, were given 
in proper proportion to the ground, its composition 
would f emaiii the same as before : the next year’s crop 
would equal that of the preceding year. If after every 
harvest the straw is always in this manner returned to 
the field, the further consequence will be an inequality in 
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the composition of the effective constituents in the arable 
soil. 

We have supposed our field to contain the ash-con- 
stituents of the entire wheat plant in proper proportion 
for the formation of straw, leaves, and grain. By leaving 
the straw-constituents in the ground, while continually 
removing the grain-constituents, the former will accu- 
mulate and grow out of due proportion to the remainder 
of the grain-constituents still contained in the field. The 
field retains its fertility for straw, but the conditions re- 
quired for the production of grain are diminished. 

The consequence of this disproportion is an unequal 
developernent of the entire plant. As long as the soil 
contained and supplied the right proportion of ash con- 
stituents needful for the uniform growth of all parts of the 
plant, so long the quality of the seed and the ratio between 
straw and corn in the diminishing crops remained con- 
stant and unaltered. But, in proportion as the conditions 
for the production of leaves and straw became more 
favourable, the quality of the grain deteriorated with its 
decreasing quantity. The distinctive mark of this in- 
equality in the soil, resulting from cultivation, is a decrease 
in the weight of the bushel of corn reaped from the field. 
At first a certain quantity of the constituents restored to 
the soil in the straw (phosj)horic acid, potash, magnesia), 
was expended in the formation of grain ; but afterwards 
the case is reversed, and the grain-constituents (phosphoric 
acid, potash, magnesia) are drawn upon for the production 
of straw. The condition of a field is conceivable where 
by reason of inequahty in the relative conditions for pro- 
ducing straw and grain, under temperature and moisture 
favourable for the formation of leaves, a cereal plant 
may yield an enormous crop of straw, with empty ^ars. 

The farmer, in cultivating his plants, can act upon the 
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direction of the vegetative force only through the soil, i.e. 
by supplying his field with nutritive substances, in the right 
proportions. For the production of the largest crop of 
grain, the soil must contain a preponderating quantity of 
the nutritive substances necessary for the formation of 
seed. For leafy plants, turnips, and tuberous plants, the 
proportion is reversed. 

It is therefore evident, that if on our field containing 
25,000 kilogrammes of the ash-constituents of the wheat- 
plant, we cultivate potatoes and clover, and take away 
from the field the entire crop of tubers and clover, we 
remove from the ground, in these two products, as mucli 
phosphoric acid and three times as much potash as in 
three wheat crops. It is certain that the abstraction of 
these important mineral constituents from the ground, by 
the cultivation of another plant, must greatly affect the 
fertihty of the soil for wheat ; the crops of wheat diminish 
in amount and in number. 

But if, instead of this, we were to cultivate on our 
field alternately, wheat one year, potatoes the next, 
leaving the entire potato crop, tubers included, and the 
wheat straw on the ground to be ploughed in, and if this 
alternation of crops were continued for sixty years, the 
crop of corn which the field was originally capable of 
yielding would not in the slightest degree be altered or 
increased. The field would gain nothing by the culti- 
vation of potatoes ; and would lose nothing, because the 
whole crop was left in the soil. When by taking corn 
crops from the field, the store of mineral constituents had 
been reduced to three-fourths of the original quantity, the 
field would cease to fiirnish remunerative crops, supposing 
that three-fourths of an average harvest leave no margin 
of profit for the farmer. The same results would follow, 
if instead of potatoes we interpose clover, and constantly 
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ploughed it in. ''^e have assumed the field to be in the 
best physical condition, which therefore could not be 
improved by the incorporation of the organic substances of 
the clover and the potatoes. Even if we were to take the 
potatoes firom the field, to mow down and dry. the clover, 
giving both to cattle in the farm-yard or making any 
other use of them, and then to bring all back to the field and 
plough them in, so as to restore to the soil all the mineral 
constituents contained in both crops, yet by all these 
operations the field would not produce, in thirty, sixty, or 
seventy years, a single grain of corn more than with- 
out this alternation. ' The conditions required for the 
production of grain are not improved in the field during 
the whole of this period, and the causes of decrease in the 
crops remain the same. 

The ploughing in of the potatoes and the clover could 
have a beneficial effect upon those fields only which have 
an inferior physical condition, or in which the mineral 
constituents are unequally distributed, or are partially 
inaccessible to the roots of plants. But this effect is 
like that of green manuring, or 6f, one or more yCarS of 
fallow. ; 

By the incorporation of the clover , and the orgaMc con- 
stituents with the soil, its store of decaying substMices 
and nitrogen increased year by year. AU th# these 
plants received from the atmosphere remained the 
ground ; but the increase of these otherwise sbt itseM' 
substances cannot make the soil produce a larger apjount 
of grain than before ; since the production of grain d^ends 
upon the right proportion of ash-constituents ju tfie soil, 
and these, so far from being increased, have been gr^ually 
reduced by the removal of the com crops. The Aug- 
mentation of nitrogen and of decaying organic subi^nces in 
the soil might possibly lead to an increa^ of ^ 
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a number of years ; but the period when this field will 
cease to give remunerative crops will in that case come 
all the sooner. 

If we take three wheat fields, and cultivate wheat upon 
the one, potatoes and clover upon the other two ; and 
suppose we remove the com alone from the wheat field 
and heap upon it and plough in all the crop of clover 
and all the potato tubers, then the whea^ field will be 
more fertile than before, for it has been enriched by all 
the mineral constituents which the two other fields had fur- 
nished to the potatoes and the clover. It has received three 
times as much phosphoric acid and twenty times as much 
potpfih as was contained in the corn crop it produced. 

This wheat field wiU now be able to produce three fuU 
com crops in three successive years, because the con- 
ditions for the formation of straw have remained unaltered, 
while those for the production of grain have been in- 
creased three-fold. If the farmer by this method raises 
as much corn in three years as he could obtain from the 
same fields in five years without the addition and co- 
operation of the constituents contained in the clover and 
the potatoes, it is clear that his profit has been greater, 
since with, three seed-corns he has obtained as good a 
harvest as in the other case with five. But what the 
wheat field has gained in fertility, the other two fields 
have lost ; and the final result is, that at less cost of 
cultivation, and with more profit than before, his three 
fields are brought to the period of exhaustion, iwhich 
inevitably results from the continued removal of the 
mineral constituents in the crops of com. • , 

The last case which we have to consider is when .the 
farmer, instead of growing potatoes and closer, cultivates 
turnips and lucerne, which by their long penetrating 
roo^ ext^ct a great quantity of mineral constituents 

N 
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from the subsoil, to which the roots of the cereals very 
seldom penetrate. When the fields have a subsoil favour- 
able to the growth of these plants, it is as though the 
arable surface soil were doubled. If the roots of these 
plants receive the half of their mineral nutriment from the 
‘ subsoil, and the other half from the arable surface soil, 
the latter wiU lose by these crops only half as much as 
th'ey would, if all the mineral constituents had been drawn 
by them from the surface. 

Thus the subsoil, considered as a field apart from 
the arable soil, gives to turnips and lucerne a certain 
quantity of mineral constituents. Kow, if the whole of 
the turnip and lucerne crops were ploughed in during the 
autumn in a wheat field which had yielded an average 
crop of wheat, so that the field should receive back 
more than it had lost in the corn, it is clear that this 
field might be maintained in an equable state of fertility, 
at the expense of the subsoil, just so long as the latter 
remained productive for turnips and lucerne. 

As, however, turnips and lucerne require foj* their de- 
velopement a very great quantity of mineral constituents, 
the subsoil is so much the sooner exhausted, when it con- 
tains fewer of such constituents. Now as it is not actually 
severed from the arable surface, but lies imdemeath, it 
can scarcely regain any of all the constituents which it 
has lost, because the surface soil intercepts and retains the 
portion supplied. Only that part of the potash, ammonia, 
phosphoric acid, and silicic acid, which is not taken up 
and fixed by the surface soil, can reach the subsoil. 

It is therefore possible, by the cultivation of these deep- 
rooting plants, to gain an abundant supply of nutritive 
substances for all plants drawing their nutriment chiefly 
from the arable sod ; but this supply is not lasting, 
and in ^ comparatively short time many fields will cease 
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to bear crops, because the subsoil is exhausted, and its • 
fertility is not easily restored. 

If a farmer grows upon three fields, potatoes, com, and 
vetches or clover, alternately, or if he cultivates one field 
with potatoes, com, and vetches successively, selling the 
crops, and going on in the same way for many years, 
without manuring, any one can foresee the end of such 
husbandry, because such a system cannot possibly last. 
No matter what plants may be selected, what variety of 
cereals, tuberous or other plants, or in what rotation, the 
field will at length be reduced to such a state that the 
cereals will yield no more than the seed sown, the 
potatoes will give no tubers, and the vetches or clover 
will die away after barely appearing above ground. 

From these facts it follows indisputably, that there is no 
plant which spares the pround, and none which enriches 
it. The practical farmer is taught by innumerable instances 
that the success of a second crop depends upon the pre- 
vious one, and that it is by no means a matter of indiffer- 
ence, in what order he cultivates his plants ; by previously 
cultivating some plant with extensive ramification of roots, 
the soil is made fitter for the growth of a succeeding cereal, 
which will now thrive better, even without the application 
of manure (with sparing application), and yield a richer 
crop. But this is not a saving of manure for future crops, 

nor has the field been enriched in the conditions of its 

* 

fertility. There has been an increase, not in the sum of 
the nutriment, but in the available particles of that sum, 
and their operation has been hastened in point of time. 

The physical and chemical condition of the field was, 
improved ; but the store of chemical elements was 
reduced. All plants, without exception, drain the soil, 
each in iti^ own way, and exhaust the conditions for their 
reproduction. 
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In? the produce of his field the former actually, sells his 
land ; he sells, in his crops, certaiirelements of the atmo- 
sphere, which come of themselves to his soil ; and with 
them certain constituents of the ground, which are his 
property, and which have served to form, put' of the 
atmospheric elements, the body of the plantj being them- 
selves component parts of that body. In alienating the 
crops of his field, he robs the land of the conditions re- 
quired for their reproduction. Such a system of husbandry 
may properly be called a system of spohation. 

The constituents of the soil are the former’s capital ; the 
atmospheric nutritive substances are the interest of his 
capital ; with the former he produces the latter. In selling 
the produce, he alienates part of his capital and the 
interest ; in restoring the constituents of the soil to the 
ground, he retains his capital. ^ 

Common sense tells us, and all farmers agree, that 
clover, turnips, hay, &c., cannot be sold olf from a*farm 
without materially damaging the productive power of the 
land for corn. 

Everyone willingly admits, that the removal of clover 
is prejudicial to the cultivation of com; but that the 
removal of corn should injure the cultivation of clover 
is to most farmers an inconceivable, nay? an impossible 
idea. 

Yet the natural connection and mutual relations be-* 
tween the two classes of plants are as clear as daylight. 
The ash-constituents of clover and com are the conditions 
for the formation of clover and corn, and are identical as 
far as the elements are concerned. 

Clover, just like com, requires for its production a 
certain amount of phosphoric acid, potash, lime, and 
magnesia.’ The mineral constituents of clpy^ are the 
same as those of com, plus a certain excess of pj|tash 
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lime, and sulphuric acid. The clover draws these con- 
stituents from the soil, the cereal pl^ts may be represented 
as deriving them from the clover, In selling Ms clover, 
therefore, the fanner takes away the conditions for the 
production of corn, and there remains behind in the soil 
less nutriment for the com ; if he sells his com, he takes 
away from the land some of the most indispensable con- 
ditions for the production of clover, hence the clover 
crop fails in a subsequent year. 

The peasant knows the operation of these fodder-plants, 
and expresses his views in his own way when he says, 
‘that, as a matter of course, a man must not sell his 
manure, ^ without which no permanent cultivation is 
possible, and that in selling the fodder-plants, a man sells 
his manure.’ But that in selling Ms corn, a farmer is still 
parting with Ms manure, does not seem to be understood 
by many even of the most enlightened agriculturists. 
Earm-yard manure contains all the mineral constituents of 
fodder; and these consist of the constituents of com, plus 
a certain quantity of potash, lime, and sulphuric acid. It 
is quite evident, that as the whole dung-heap consists of 
parts, not one of those parts should be alienated ; and if 
it were possible, by any means, to separate the corn-con- 
stituents from the rest, they would possess the greatest 
value to the farmer, because upon them the cultivation of 
the corn depends. But tMs separation actually takes 
place in the growth of corn, as the mineral constituents of 
the manure become the constituents of the corn; hence 
in selling thb com, the farmer alienates a portion^ and 
indeed the most efficient portion, of his manure. 

Two dung-heaps,, looking quite alike, and app^entlyof 
the same quality, may yet have a very dissimilar valu6 for 
the cultivation of com. If in one heap tho^'ash-com 
stit^jOtfit bf cop are twice ai^ niany as in the OAei^ the 
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former has double the value of the other. By the removal 
of the mineral constituents of the corn, which were de- 
rived from the manure, the efficacy of the manure with 
regard to future corn crops is constantlf- diminished. 

From whatever point of view, therefore, the alienation 
of corn or other field produce may be regarded, the farmer 
who does not replace the mineral constituents taken away 
in the crops, will find that the inevitable result is exhaus- 
tion of the soil. Continued removal of the com crops 
makes the ground unproductive for clover, or deprives the 
manure of its efficacy. 

In our exhausted fields the roots of cereals no longer 
find, in the upper layers of the soil, sufficient nutriment 
for the production of a full crop : the farmer, therefore, 
grows on these fields clover, turnips, and other plants of 
the kind, which, with their wide-spreading and deep 
roots, penetrate in aU directions through the sod, open up 
the ground by their large root-surface, and appropriate 
the constituents which are needed by cereals for the for- 
mation of seed. In the residue of these plants, in the 
constituents . of the stalks, the roots, and the tubers, 
which the farmer puts upon the arable surface in the 
form of manure, he restores to the land, in a concen- 
trated form, the corn constituents for one or several full 
crops: what was below and scattered, is now above. 
The clover and the fodder-plants did not engender the 
conditions of richer corn-crops, any more than rag- 
gatherers produce the conditions for paper-making : they 
are mere collectors. 

From the foregoing remarks it is evident that the cul- 
tivation of plants exhausts the fertile soil, and renders it 
unfruitful. In selling the produce of his fields, which 
serves as food for man and beast, the. fanaey removes a 
portion of his soil, and indeed the eoBStituents Miiost 
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efficient for the production of future crops. In course of 
time, the fertility of his fields will decrease, no matter 
what plants he cultivates, or what order of rotation he may 
adopt. The removal of his crops is nothing else than 
robbing the ground of the conditions for future harvests. 

A field is not ||||iausted for com, clover, tobacco, or 
turnips, so long as at yields remunerative crops, without 
needing the replacement of those mineral constituents 
which have been carried away. It is exhausted from the 
time that the hand of man is needed to restore the 
failing conditions of its fertility. In this sense, most of 
our cultivated fields are exhausted. 

The life of men, animals, and plants is most intimately 
connectes^ with the restoration of all those conditions 
which cause the vital process to go on. The soil, by its 
constituents, takes part in the life of the plant ; its per: 
manent fertility is ‘inconceivable and impossible, without 
the replafiement of those conditions which have made it 
productive. 

The mightiest river which sets in motion thousands of 
mills and machines must fail, if the streams and brooks 
supplying its waters run dry; so, too, the streams and 
brooks will run dry if the many little drops of which 
they consist fail to return in the form of rain to the 
place whence their sources spring. 

A field which, by the successive cultivation of different 
plants, has lost its fertility, may recover the power of 
yielding a new series of crops of the same plants, by the 
application of manure. 

What is manure, and whence comes it ? AU manure 
comes firom the farmers’ fields : it consists of straw, which 
has served as litter; of remains of plants, of the liquid 
and solid excrements of men and animals. The excre- 

■■ ■ m ' ' 

meats are derived firom food. 
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In his daily bread, man consumes the ash-constituents 
‘ of the grain from the flour of which bYead is made : in 
meat he consumes the ash-constituents of flesh. 

The flesh of herbivorous animus, and its ash-consti- 
tuents, are derived from plants; these »ash-constituents 
are identical with those of the in leguminous 

plants. Hence if an entire animal is » burnt to ashes, the 
residue will differ little from the ashes of beans, lentils, 
and peas. 

In bread and flesh, therefore, man consumes the ash- 
constituents of seed, or of seed-constituents which the 
farmer has obtained from his fields in the form of flesh. 

Of the large amount of mineral substances which man 
consumes in his food during a lifetime, but a smalj fraction 
remains in his body. The body of an adult does not 
increase in weight from day to day, which proves that all 
the constituents of his food must completely pass out 
again from his system. # 

Chemical analysis demonstrates that the excrements 
of man contain the ash-constituents of bread and flesh 
very nearly in the same quantity as they exist in the 
food, which in the body undergoes a change similar to 
that which would take place in a furnace. 

The urine contains the soluble, the solid excrements 
the insoluble ash-constituents of food ; the stinking sub- 
stances are the smoke and soot of an imperfect combus- 
tion. With these are mixed up the undigested and the 
indigestible remains of food. 

The dung of swine fed on potatoes contains the ash- 
constituents of the potato; that the horse, the ash- 
constituents of hay and oats ; that of cattle, the ash^ of 
turnips, clover, and other plants wfiich have served them 
-.as food. Farm-yard manure comprises a mixture of all 
these excrements. 
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That farm-yard manure will completely restore the fer- 
tilitji^of a field exhausted by cultivation is a fact fuUy 
established by the experience of a thousand years. 

Farm-yard manure supplies to the field a certain quan- 
tity of organic^ i. e. combustible substances, together with 
the ash-constituents of the food consumed. We must 
now consider what part is taken, in the restoration of 
fertility, by the combustible and incombustible consti- 
tuents of the manure. 

The most superficial examination of a cultivated field 
shows that all the combustible constituents of the plants 
grown upon it are derived from the air and not from the 
soil. If the carbon even of a portion of the vegetable 
matter in the crop were derived from the soil, it is quite 
clear, that if the ground contained a certain amount of 
carbon before the harvest, this amount must be smaller 
after eveiy harvest. A soil deficient in organic matter 
must necessarily be less productive than a soil abounding 
in it. 

Now, experience proves that a field in constant culti- 
vation does not, therefore, become poorer in organic or 
combustible substances. The soil of a meadow which in 
ten years has yielded a thousand cwt. of hay per hectare, 
is found to be, at the end of those ten years, not poorer 
in organic substances, but richer than before. A clover- 
field after a ‘crop retains in the roots left in the ground 
more organic substances, more nitrogen, than it originally 
possessed ; yet after a number of years it becomes 
unproductive for clover, and no longer gives remu- 
nerative returns of that crop. 

^ field of wheat, or potatoes, is not poorer in organic 
substances after harvest, than before. As a general rule, 
cultivation increases the store of combustible constituents 
in the ground, while its fertility, however, steadily dimi- 
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nishes. After a consecutive series of remunerative crops of 
com, turnips, and clover, these plants will thrive no l^ger 
in the same field. 

Since, then, the presence of decaying organic remains 
in the soil does not, in the slightest degree, prevent or 
arrest its exhaustion by cultivation ; it is impossible that 
an increase of those substances can restore the lost capa- 
city of a field for production. In fact, when a field is 
completely exhausted, neither boiled saw-dust, nor salts 
of ammonia, nor both combined, will impart the power 
of yielding the same series of crops a second and third 
time. When these substances improve the physical con- 
dition of the ground, they exert a favourable influence 
upon the produce ; but, after all, their ultimate effect is 
to accelerate and. complete the exhaustion of the soil. 

But farm-yard manure thoroughly restores to the soil 
the power of producing the same succession of crops a 
second, a third, and a hundredth time : where it is 
applied in proper quantities it will fuUy cure the state 
of exhaustion, and often make a field more fertile than 
it ever was before. 

The restoration of fertility by farm-yard manure can- 
not be attributed to the mixture of combustible mate- 
rials (salts of ammonia and the substance of decaying 
saw-dust): for if these had a favourable effect, it must 
have been of a subordinate kind. The action of farm- 
yard manure most undoubtedly depends upon .the incom- 
bustible ash-constituents of the plants which it contains. 

In farm-yard manure the field actually receives a cer- 
tain quantity of all the mineral ingredients which have 
been removed in the crops. The decline of fertility^was 
in proportion to the removal of mineral constituents ; the 
j:enewal of productiveness is in proportion to their 
restoration. 
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The incombtistible elements of cultivated plants do not 
of themselves return to the soil, as the combustible ele- 
ments return to the atmosphere from which they spring. 
The hand of man alone restores to the ground the condi- 
tions of the life of plants : in farm-yard manure wherein 
they are contained, the farmer, following a natural law, 
restores the lost power of production. 
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CHAPTEE V. 

THE SYSTEM OP FAEM-YAED MANUEING. 

Questions to be s^ved — Experiments of Henning; their significmice — 
Produce of immanured fields — Infiuence of preceding cropS; of the situ- 
ation, and climatic conditions, on the produce — Each field posseSsee its 
own power of production — Large crops, their dependence and continua- 
tion — Closeness of the food of plants, what is meant thereby-— The 
c^eness of the particles of food in the soil is in proportion to theipro- 
dtlle — Produce of com and straw influenced by the relations of the 
assimilated food and by the conditions of growth; action of food sup- 
plied in manures — Potatoes, oats, and clover crops of the iSaxon fields ; 
conclusions drawn from them as to the condition of the fields — Produce 
of these fields from farm-yard manure ; the increase of produce cannot be 
calculated from the amount of manure used — Restoration of the power of 
production of exhausted fields by the increase of the necessary elements of 
food present in the soil in minimum amount; advantageous use of farm-yard 
manure in this respect; explanation of the result — Action of manure as 
compared with quantity used: experiments — Rational system of cultivation 
— Depth to which the food of plants penetrates is dependent on the power 
of absorption of the soil ; the SaxOn fields considered in this respect ; the 
power of absorption considered in manuring — Change produced in the 
composition of the soil by the system of farm-yard manuring ; ti&ie dif- 
ferent stages of this system, the final result — Examples of these stages in 
the Saxon experimental fields — Cause of the growth of weeds ; reme- 
dies — The history of husbandry, what is taught by it — Present condi- 
tion of European husbandry — Present production of the land compared 
with the earlier ; conclusions — Continuation of production regelated by 
a natural law — Law of restoration; defective practice of it — Agricul- 
ture in the time of Charlemagne — Agriculture in the Palatinate — Com 
fields in the valleys of the Nile and Ganges ; nature provides in them for 
the restoration of food of plants — Practical agriculture and the law of 
restoration — The statistical returns of average crops afibrd an explana- 
tion of the condition of com fields, * 

rPHE general observations in the preceding chapters 
on the mutual relations between the soil and plants, 
as also on the sources and nature of farm-yard manure, 
will, I hope, enable the reader to enter upon a thorough 
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investigation qf all those phenomena which are presented 
by the practice of farm-yard manuring. We have to con- 
sider how farm-yard manure increases .the produce, of a 
field ; on which constituents of the manure its action de- 
pends ; what quantity of farm-yard manure can be obtained 
from a field ; and to what condition, after a series of years, 
a field can be restored by farm-yard manuring. 

It will be understood that from this investigation we 
exclude all those efiects of farm-yard manure which can- 
not be determined by measure and number ; such, for 
instance, as its influence upon the looseness or cohesion of 
the soil, and its heating action, by means of the warmth 
reciting from the decay of its constituents in the ground. 

The facts, to which this investigation extends, are de- 
rived from practical experience ; and my selection of them 
has been materially facilitated by the compr^ensive 
series of experiments made in the year 1851, at the in- 
stance of Dr. Eenning, Secretary-General of the Agri- 
cultural Society in the kingdom of Saxony, by a number 
of Saxon agriculturists, with a view of ‘ ascertaining the 
action of so-called artificial manures under every variety 
of condition,|for the purpose of more generally extending 
their application.’ These experiments were continued to 
the year 1854, every series embracing a rotation of rye, 
potatoes, oats, and clover. The farmers were requested 
to try bone-dust, rape-cake meal, guano, and farm-yard 
manure, each on a Saxon acre (=1*36 English acre) of 
ground, compared with an unmanured plot of the same 
size, and to determine the respective crops by weight. 

Of all experiments of a similar nature which have 
been made in the course of several centuries, those whiqh 
are expressly stated to have been undertaken ‘without 
a direct scientific object * are of the highest scientific im^ 
portance, not only for their very comprehensive chai^lferi 
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but because they have resulted in fully^stablishing a 
number of facts which will for all time to come retain 
their validity as* safe bases for scientific conclusions. 
Science owes the deepest gratitude to the excellent pro- 
pounder of these inquiries, and to the worthy men who so 
zealously performed their task ; the only thing to be 
regretted is, that the experiments upon unmanured pjots 
were not carried out in all cases. 

It is evident that the action of farm-yard manure upon 
a field can be properly estimated only if it is known before- 
hand what amount of produce the field will give without 
any manure : and first of all we shall consider the crops 
produced on five fields in five different parts of Saxdliy, 
in the four-year rotation above mentioned. 


m 

Unmanured 

Crop 

Curmcrsdorf 

MaiiSGROst 

Kbtitz 

OberbobritzRch 

Obersch’dna^ 

Mixture 

Wliite Clover 

Eod Clover 

Glrass 

1851 

Eye 

Grain . 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1176 

2238 

1264 

1463 

708 

Straw 

2951 

4582 

3013 

3016 

1524 

1852 




# 


Potatoes . 

16667 

16896 

18577 

9761 

11095 

1853 




1 


Oats 



! • 



Grain 

2019 

1289 

1339 

1628 

1082 

Straw 

2563 

1840 ' 

1367 

1812 

1714 

GO 






Clover>hay 

9144 

5583 

1096 

911 



These results lead to the following considerations. 

The term unmanured^ as applied to these fields, is 
meant to designate the condition in which they were left 
at the end df a rotation by a succession of crops. 

These fields had been manured at the beginning of the 
rotation ; and had they been manured afresh, they •yrould 
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have produced the same crops as before. In the crops 
yielded by them in the manured state, the constituents of 
the soil and those of the manure had a certain definite 
share : if the fields had not been manured, the crops would 
have been smaller. Now if we attribute the increased pro- 
duce during the course of the rotation to the supply of 
farm-yard manure, and suppose that the constituents of the 
farm-yard manure have been again removed^in the crops, 
which is not true in all cases, then the field, at the end of 
the rotation, is in the same state in which it was at the 
commencement, before it had been manured. Accord- 
ingly, we may assume, without great risk of error, that 
the produce of difierent crops, which a plot of ground 
will yield in a new rotation without manuring, will be in 
proportion to the store of nutritive substances, ready for 
assimilation, which it contains in its natural state. Hence 
from the unequal products yielded by the two fields in 
that state, we may, with an approximation to truth, infer 
certain inequalities in the amount of food or in, the con- 
dition of the fields. 

Of course^ inferences of this kind are admissable only 
within very narrow limits ; for when we compare two 
fields which lie in the same or in difierent districts, we 
must remembef that- in each case various factors operate 
upon the products, making these unequal, even though 
the nature of the soil be otherwise identical. 

If, for instance, two fields^ both unmanured, are Ranted 
with one and the same cereal, it is by no means a matter 
of indiSerence, as regards the produce of corn and straw, 
what crop has preceded the cereal. If the last crop in 
the preceding rotation was clover on the one, oats on the 
other field, the results wiU vary, even though the con^ 
dition of the soil in both was originally identical ; and 
the produce reaped, in that case, indicates merely ^the 
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state into which the field has been brought by the pre- 
ceding crop. # 

In hilly districts, a northern or southern aspect makes 
a difierence in the comparative character of two fields ; so 
too does the height above the sea, on which the quantity 
of the fall of rain depends. A fall of rain received at a 
more favourable time by one field than by another makes 
a difference in the amount of produce, even though the 
condition of the soil be the same in both fields. 

Lastly, in judging, in the manner indicated, of the state 
and condition of a field, the weather during the preceding 
year must be taken into account. . 

The crop produced by a field in a year is always the 
maximum crop which it can yield under the conditions 
given: under more favourable external circumstances, 
that is, with better weather, the field would have fur- 
nished a greater crop ; under more unfavourable circum- 
stances, a smaller, always corresponding to the condition 
of the soil. 

By the production of larger crops, in consequence of 
favourable weather, the field loses a comparatively greater 
amount of nutritive substances, and the subsequent harvests 
show a decline ; just as, on the other hand, deficient 
crops will act upon the yield of subsequent years, as a 
fallow year with half-manuring does, that is, the crops 
coming after bad years will turn out better, even in 
ordinary weather. 

The relative proportions of corn and straw, in a crop of 
cereals, are altered by a continuance of dry or wet weather. 
Permanent wet, combined with a high temperature, 
favours the developement of leaves, stalks and roots ; and 
as the plant goes on growing, the materials intended for 
the production of seed are used for the formation of new 
shoots, and thus the seed crop is diminished. 
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Continuous drought, before or during sprouting time, 
produces the opposite effect ; the store of formative mat- 
ter.accumulated in the roots is used |n far greater propor- 
tion for the production of seed, and the relation of straw 
to corn is smaller than it would be in ordinary weather. 

When all these circumstances are taken into account, 
the consideration of the produce obtained from unmanured 
fields in the Saxon experiments will leave only a few 
general points for further investigation. 

The tabular katement of the result shows that each 
field has a power of production peculiar to itself, and 
that no two of them have produced the same amount of 
rye com and straw, or potatoes, or oats and straw, or 
clover. . . 

If we compare the numberless manuring experim^ts 
of the last few years, in which the crops obtained from 
unmanured plots were likewise taken into account, we 
see that this is a general rule admitting of no exception : 
no two fields have exactly the same productive power ; 
nay, there are not even two plots in the same field which 
are identical in this respect. We need only look at a 
turnip field to see at once that every turnip differs in 
size and weight, from the one growing next to it. This 
fact is so universally known and admitted, that in all 
coufttries where the land is taxed, the amount of the 
impost is assessed according to the quality of the s(^l, in 
some countries in eight classes, in others in twelve or 
sixteen.;^ 

Silbe, then, no two fields are alike in productive power, 
and every field must necessarily contain the conditions 
required for flie production of the crops which it yields, 
it is clear that the conditions for the production of corn ' 
and strdw, or of turnips and potatoes, or of clover or any 
other plant, are in no two fields alike: in one field the 

0 
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conditions for the production of straw preponderate over 
those for the production of grain, aholter is' better 
suited for the growtlj of clover, and so on. ' 

These conditions, according to their very nature, differ 
in quantity and quality. By conditions which can be 
weighed and measured, we of course mean no other than 
nutritive substances. 

The crops reaped from a field afford no indication of 
the quantity of nutritive substances in the ground. 
Consequently, the fact that the field at Mausegast gave 
twice as much corn and one-third more straw than the 
one at Cunnersdorf, cannot lead to the inference that the 
former was upon the whole richer in these proportions 
in the conditions for the production of corn and straw ; 
for* we see that the Cunnersdorf field gave two years 
after, without manuring, one-half more oat-com and 
straw than the field at Mausegast, and in the fourth year 
above 60 per cent, more clover. Now some of the most 
important food elements oft corn are as essential to clover 
as to the cereals ; and the food elements of oats are 
identical with those of rye. 

A larger crop of any of the cultivated plants given by 
one field over another merely indicates that the roots in 
the one field, in their way downwards, have found and 
absorbed -in certain portions of the soil more particles of 
the whole store of nutritive substances contained in it in 
an available state than the roots in the other field ; but 
not that the total sum was greater in the one than in the 
other: for the field apparently poorer might in i^hty 
have contained a much larger total amount of nutritive 
substances than the other, only not in a condition avail- 
able to the roots. 

High returns are a sure sign that the nutritive sub- 
stances of the soil are in a condition avaflable to the 
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roots; the permanence oi high returns, and that alone, 
affords a safe criterion of the total store or quantity of 
nutritive substances in the ground. 

The high returns yielded by one field above another 
result fi:om this, that the particles of the mineral con- 
stituents lie nearer together in the one field than in the 
other : they depend upon the closeness of the nutritive 
substances. The following table may make this point 
clearer 


Cunnersdorf, Mausegast, Kdtitz, Oberbobritzsch, Oberscbdna. 
Fig. 1. 1851. WiNTBB-iim 



a a 


Fig. II. 1852. Potatoes. 
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Fig. IV. 1864. Clotbb. 



In Eig. I., the perpendicular lines a h represent the 
produce of grain, a c that of straw ; in Fig. II., the lines 
d e the produce of potatoes ; in Fig. Ill, the lines the 
produce of oat-corn, the lines fh that of oat-straw ; in 
Fig. lY., the lines i k the produce of clover, on the un- 
manured plots of ground on which the experiments were 
made in Saxony. 

Now if we assume that the roots of the rye and of the 
other plants, on the several fields, were of the same 
length and condition, it is quite certain that the roots of 
the cereals on the field at Mausegast found, in their way 
downwards, much more nutriment than those in the 
Cunnersdorf field : the corn line is twice as high, and 
the straw line one- third higher, in the former than in the 
latter. 

With an equal number of plants, and an’ equal length 
of root, certain nutritive substances required by com 
were twice as close in the Mausegast as in the Cunners- 
dorf field. The line in Fig. IV. representing the produce 
of clover is ten times as high for Cunnersdorf aa for 
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Oberbobritzsch, which means that the niftritive sub- 
stances required by clover were ten times as far asunder 
in Oberbobritzsch as in Cunnersdorf. ^ 

In comparing the produce of several fields, the close- 
ness of the nutritive substances in the soil is in in- 
verse proportion to the height of the fines in the table 
indicating the amount of produce. 

The longer the fines, the closer are the nutritive sub- 
stances in the various soils ; the shorter the fines, the 
more widely asunder do the substances fie. 

For instance, the fines indicating the produce of pota- 
toes at Kotitz and Oberbobritzsch are as 18 to 9 ; the 
potato crop at Kotitz was twice as high as that at Ober- 
bobritzsch. Hence it follows that the distance between 
the nutritive substances was in inverse ratio, that is, as 
9 to 18 ; in the field at Kotitz they were twice as close 
together as in the other. 

This mode of viewing the matter is calculated to lead, 
in many cases, to more definite ideas respecting the cause 
of the exhaustion of a field. 

The corn and potato crops, for instance, took away 
phosphoric acid and nitrogen from the arable surface soil 
at Mausegast, and the barley plant next in rotation, 
which likewise draws its nutriment from the surface soil, 
found in the third year much less nutriment than the rye 
plant which had preceded it. 

The elevations of the fines a b (Fig. I.) and fg (Fig. III.), 
taken inversely, show how much relatively greater 
has become the distance between the particles of the 
nutritive substances for the barley plant. The barley- 
corn requites for its formation the same nutritive sub- 
stances as the rye-corn. How, as the produce of the 
ry0-corn was to that of the barley-corn in the proportion 
of 22 : 12, this means, taken inversely, that the distance 
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between thl^iiutritive substances for the barley-corn had 
increased from 12 to 22. 

In the third year, the roots of the barley, for the same 
length, found scarcely half as much nutriment for grain 
as the rye had found. 

This exposition is not intended to supply a standard 
for measuring the distances between the available parti- 
cles of nutritive substances in the ground, but merely to 
define more accurately what is meant by the exhaus- 
tion of land. The farmer who has a clear view of the 
causes upon which depend the reduction of crops by con- 
tinuous cultivation, will thereby the more easily find out 
and apply the means to make his field as productive as 
before, and, if possible, even to increase its fertility. 

Beside the general differences of aU the crops in the 
Saxon experiments, we are further struck with the 
inequality in the proportion of corn and straw. 

To 10 parts by weight of corn, the yield of straw was 
respectively — at Cunnersdorf 25 parts by weight, at 
Kotitz 23, at Oberschona only 21, and at Mausegast 
only 20. 

A mOre careful examination of the table shows that 
the difierence is mainly in the produce of corn. 

The fields at 

Cunnersdorf Kbtite Oberbobritzsch 

yielded in straw . 2951 lbs. • 3013 lbs. 3015 lbs. 

that is, within a few pounds, the same quantity of straw^ 
while the amount of com was in 

Cunnersdorf Kbtitz Oberbobritzsch 

11 : 12 : 14 

In investigating the reasons for this inequality in the 
produce of corn, we discover Rt the same time the causes 
of the difierence in the proportion between the corn and 
straw. 

It is necessary to remember that what is called straw 
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(i. e. the leaves, stalks, and roots) is formed from the 
albumen of the cereal seeds, that is, from the constituent 
elements of the seeds; and, further, that these parts of 
the plant are the organs for the reproduction of these 
sam'e seed constituents. 

The production of the straw always precedes the for- 
mation of the grain ; and that portion of the seed ele- 
ments which serves to form the organs of the plant can- 
not be used to make seed : or, the more seed-constituents 
are turned into straw-constituents within the appointed 
time of growth, the fewer will remain at the close of that 
period for the formation of seed (see p#51). 

Before the period of flowering, all the seed-constituents 
go to form straw ; after that period, a division takes place. 

Therefore, if all other conditions of. soil and weather 
are equally favourable, the quantity of straw will depend 
upon the amount of seed-constituents needed for the 
formation of straw. 

The quantity of corn depends upon the residue of seed- 
constituents in the whole plant, which are no longer 
required for the multiplication and enlargement of leaves, 
stalks, and roots. 

Let K represent that portion of the corn-constituents 
that may be formed into seed; dK the other fraction of 
the same substances, which remain as constituents in the 
straw ; and the other constituents comprised in the 
straw : so that 

K=3(pho8phorio acid, nitrogen, potash, lime, magnesia, iron) 

aK = a fraction of K • 

St 2 = (silicic acid, potash, lime, magnesia, iron) 

then the nutritive substances which the plant has absorbed 
froni the soil, may be thus expressed : — 

(K+oK St). 
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This expression, therefore, means that the roots of the 
cereal plant must have absorbed from the earthy particles 
in contact with them a certaiil proportion of nutritive 
substances for the production of leaves, roots, and stalks, 
and after this an additional amount of several of' the 
same constituents for the formation of grain. The total 
produce is, of course, dependent upon the sum of the K 
and constituents, which the soil is able to supply to the 
plants during the natural period of growth. 

The ratio between corn and straw results from a divi- 
sion of - the K and constituents in the plant itself, and 
depends upon tha> relative proportion of the K and 
constituents in the soil, as also upon the action of external 
causes favouring the production of corn or straw. 

When the quantity of K constituents in the ground 
decreases, less grain will be produced ; but it is only in 
certain cases that this will exercise any influence upon the 
produce of straw. 

When the quantity of constituents in a field is 
increased, the enhanced conditions for the formation of 
leaves, stalks, and roots, must injure the crop of grain, if 
the amount of aK required for the additional formation 
of straw is taken from the store of K contained in the 
soil. 

If one of two fields is poorer in K but richer in con- 
stituents than the other, the former may give the same, 
perhaps even a larger, amount of straw, than the latter, 
but its produce of corn will necessarily be less. 

A similar increase of stravt, at the expense of grain, 
takes place wh'en the state of the weather is more favour- 
able for the formation of leaves, stalks, and roots, than 
for grain. The period of growth is thus prolonged, and 
the plant then takes up more of the constituents, which 
are usually in excess; for the assimilation of these, a 
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certain additional quantity of the K constituents is con- 
sumed, which would otherwise have served to form seed. 

. Let st represent the additional supply of constituents 
afforded by the soil under these circumstances, and aktlie 
additional portion of K converted into straw-consti- 
tuents; then the alteration in the produce may be 
expressed as follows : — 

Corn Straw 

(K—ak) + (aK St+ak st) 

that is, the produce of straw increases, while that of grain 
diminishes. It is also evident, that where the S? consti- 
tuents are in excess and the amount of K constit^ients is 
increased, then if K is proportionately deficient there will 
be an increase in the produce of straw, and if K is pro- 
portionately increased there will be a larger produce both 
of corn and straw. 

As the constituents of K, with the exception of ni- 
* trogen and phosphoric acid, are also constituents of S#, 
this accession of produce in the field under consideration 
will be also effected either by a supply of phosphoric 
acid, or of nitrogen, or bo^i together. 

If by this supply the closeness of the K particles in 
the ground, or of the phosphoric acid' and ammonia 
particles, is doubled, then under the most favourable 
circumstances the harvest may be doubled by the supply 
ofK. 

If, on the other hand, tli^ soil is deficient in S# consti- 
tuents, any increase of nitrogen or phosphoric acid in the 
ground will fail to exercise the slightest influence upon 
the crop. 

it results from this,' as a matter of course, that the 
absolute or relative amount of straw, given by a field in 
a crop of corn, will furnish no proof of the consti- 
tuents in the soil ; since, though two fields may be equally 
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rich in these constituents, the produce of straw depends 
upon the quantity of K constituents in the ground: 
hence the field which is richer in K, wiQ, under like cir- 
cumstances, givQ a larger crop of straw. 

The fact, therefore, that the fields at Cunnersdorf and 
Oberbobritzsch yielded a like amount of straw, cannot 
lead to the inference that these fields contained an equal 
quantity of constituents, since the com crops show that 
the quantities of K were unequal* The . harvests exhi- 
bited the following proportions r 

In Cunnersdorf as . . . (11) K : (29) aK Si 

Kotitz as . . . . (12) K : (30) aK Si 

„ Oberbobritzsch as . . (14) K : (30) aK Si 

As before remarked, the constituents represented by 
the symbols K and differ merely in this, that K com- 
prises nitrogen and phosphoric acid, while the other con- 
stituents of K are common to both ; hence the difference 
in the corn crops of these three fields results mainly from 
the fact, that the roots of the com found in the soil at 
Kotitz and at Oberbobritzsch ^ more phosphoric 
acid and nitrogen in an available condition than at 
Cunnersdorf. * 

If the questibn is asked, how much phosphoric acid 
and nitrogen must be added to the field at Cunnersdorf in 
order to make the crop of corn equal to that of Ober- 
bobritzsch, it would be a mistake to suppose that an 
increase of would be sufficient ; for the augmenta- 
tion of the produce of corn is materially infiuenced by 
the Sf constituents, the quantity of which varies greatly 
in different soils and has not been ascertained. 

% 

By the addition of nitrogen and phosphoric acid, a 
certain quantity of the accumulated constituents are 
rendered effective or available, which before were not so; 

■lr 

but while the produce of straw increases, not 
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but less of nitrogen and phosphoric acid rqjnain over 
for the formation of seed ; the exact quantity is limited 
by the total amount of transformed Sf constituents. 

The closeness of the constituents^ in different soils 
may, however, be approximately ascertained from the 
relative proportion of corn and straw obtained from a 
plot manured with phosphoric acid and nitrogen, and 
from an unmanured plot respectively. 

If the unmanured plot yields com and straw in the 
proportion of 1 : 2*5, and the manured plot gives a larger 
crop in which the corn is to the straw as 1 : 4 (straw 
being in greater proportion), it is evident that the 
constituents preponderate in the latter field ; and a much 
larger quantity of phosphoric acid and nitrogen would 
have to be 'supplied in order that the field, correspondent^ 
with its amount of S# constituents, might produce the same 
relative proportion of corn and straw as, for example, the 
land at Oberbobritzsch. 

It is a very essential part of the farmer’s business to 
sttidy the nature of his field, and to discover which of the 
nutritive substances, useful 4o plants, his land contains in 
preponderating quantity : *for thus he will know how to 
make a right selection of such plants as require for their 
developement a superabundance of these constituents ; arid 
he will obtain the greatest profit from his field, when he 
knows what nutritive substances he must supply in due 
proportion to those which are already in abundance. 

Two fields, in which the total amount of nutriment is 
unequal, but the relative distribution of the substances is 
the same, will produce crops differing in quantity, but 
agreeing in the relative proportion between corn and 
straw. " 

Such a relation, for example, exists between the field 
at Oberbobritzsch and the field at Mausegast. If tho crop 
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of corn aivd straw in the former is expressed by K-j- aK 
the crop in the latter=l JK+1 JaK S#. 

The fields are evidently cultivated in both places with 
great care and skjll, and the soil is so uniformly mixed, 
that when we know the corn and straw crop of the one, 
and the straw crop of the other, we can calculate the corn 
crop of the latter from the above formula. 

Potatoes, 1852. — ^In the subjoined table, the vertical 
lines show the potato crops from the five different fields in 
the year 1852. 

1852. Potatoes. 

Cunnersdorf, Maiisfigast, Kotitz, Obei’bobritzseh, Oberschona. 



The potato plant draws its principal constituents from 
the arable surface soil, and from a somewhat deeper layer 
than the rye plant; and the crops reaped show the 
condition of the layers more accurately than could be 
ascertained by chemical analysis. 

In the fields at Mausegast and Cunnersdorf the nutritive 
substances available for the potato plant were about 
equally close ; in Kotitz they were one-ninth closer to each 
Other ; at Oberbobritzsch they were twice as far asunder ; 
while at Oberschona they were one-fifth closer than in 
Oberbobritzsch. 

The largest potato crop was obtained from the field at 
Kotitz. Potash (for the tubers) and lime (for the herb- 
aceous parts) are the predominant constituents of the 
potato plaht : but a certain amount of nitrogen and phos- 
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phoric acid is as necessaiy for the developement of the 
potato as it is for cereals ; and the effective quantity 
of the transmuted potash and hme is essentially determined 
by the phosphoric acid and nitrogen absorbed at the same 
time. Where one ^f the two latter elements which, as 
we have remarked, are equally constituents of cereals, 
is deficient in the soil, the potato crop will be propor- 
tionate to the available quantity of these two substances,, 
and the greatest excess of potash or lime in the soil will 
have no influence whatever upon the amount of the 
produce. 

The arable surface soil of the field at Oberbobritzsch is 
much richer in phosphorit acid and nitrogen than that of 
the Kotitz field ; yet the potato crop yielded by the former 
was only half that given by the latter. 

Accordingly, nothing can be more certain than that Sie 
field at Oberbobritzsch contained much less potash or 
lime in an available state, than the Kotitz field ; and by 
manuring with lime alone, of with wood-ashes (potash 
and lime), it might readily be ascertained in which of the 
two substances the ground was deficient. 

* But from the inferior pdtato crop given by the field at 
Cunnersdorf, we cannot infer that it was poorer in potash 
or lime than the field at Kotitz ; the latter decidedly con- 
tained, as the preceding corn crop shows, somewhat more 
phosphoric acid and nitrogen than the field at Cunners- 
dorf : consequently, the larger potato crop at Kotitz may 
have been mainly owing to the greater quantity of these 
two elements contained in it. Even if the field at Cun- 
nersdorf had been still richer in potash and lime than 
the Kotitz field, yet after all, under the given conditions, 
it would have produced a smaller crop of potatoes. 

Oats^lSb ^. — ^The oat plant derives part of its nutriment 
from the sCrable surface soil, but sends its roots, ‘when the 
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soil permits, much deeper than the potato ; it possesses, 
so to speak, a higher power of vegetation than the rye 
plant, and in the faculty of appropriating nutriment re- 
sembles weeds. 

1853. Oats. ^ 

Cunnersdorf, Mausegast, Kotitz, Oberbobritzsch, Oberschona. 



The point which most strikes us in this table is the 
great inequality in the produte of two cereal plants 
grown successively on the same unmanured soil. 

The field at Cunnersdorf, which next to that at Ober- 
scliona had given the lowest crop of rye-corn and straw, 
yielded in the third year the largest produce of oat-corn 
and straw. 

The difference in the condition and closeness of the 
nutritive substances in the lower layers of these fields is 
undeniable. The field at Cunnersdorf was poorer in the 
upper layers, but went on increasing downwards in tffe 
amount of substances nutritive to the corn plant ; the 
other fields decreased downwards. 

The returns of the field at Mausegast for the year 1853 
refer to barley and not to oats: hence they afford no 
conclusion as to the condition of the deeper layers, from 
which the oat plant derives its food : but they show the 
state into which the arable surface soil had been brought 
by the preceding com crop. Owing to the abstraction 
of phosphoric acid, and perhaps of nitrogen, the yield 
of barley-corn was much less than might have been 
expected from the soil, judging by the preceding rye 
crop; and a small supply of superphosphate or guano 




CLOyEB CROPS AND THE MINERALS IN THE SOIL. 207 


would have greatly increased the produce of barley on 
this field. 

Clover^ 1854. — ^The clover crops in the fourth year 
afford an insight into the condition of the deepest layers 
from which plants draw their food. 


1864. Cloveb. 

Cunnersdorf, Mausegast, Eotitz, Oberbobritawsh, Oberschona. 



The produce of clover at Cunnersdorf was nearly twice 
as large as at Mausegast, and ten times greater than at 
Oberbobritzsch ; and it is beyond doubt, that these un- 
equal crops must have corresponded to unequal amounts 
in the soil of substances nutritive to the clover plant. 

The substances required by the clover plant, in respect 
of quantity and relative proportion, are very nearly the 
same as for the potato plant (leaves, stalks, and tubers 
included) : and if clover still yields good crops upon a soil 
wherein potatoes thrive but imperfectly, this is chiefly 
owing to the wider root-ramification of the clover plant. 
There are scarcely any two other plants which so clearly 
indicate the layers of the soil assigned to them by nature, 
for the absorption of their nutriment. 

If potatoes are planted in trenches two feet deep, and 
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if these are filled up in proportion as the plant grows, so 
that at last the earth in the trench is on the same level 
with the arable surface, it is always found that the tubers 
are formed only in the topmost layer, none at a greater 
depth, and not more in number than if the seed-potatoes 
had been planted only or 2 inches deep in theiarable 
surface soil; and ^n gathering the crop it is observed 
that the roots below the arable surface have died away. 

With clover, the case is reversed ; and although the 
arable surface soil at Kbtitz, for example, is decidedly 
richer in substances nutritive for clover than that in 
Cunnersdorf (yielding a potato crop higher by one- 
eighth), this had no effect upon the clover, which receives 
its principal nutriment from the deepest layers of the soil. 

We now proceed to an analysis of the returns which 
were obtained, in the Saxon experiments, by employing 
farm-yard manure upon the plots of the same fields, the 
crops of which in their unmanured state we have just 
been considering. 


Produce^ per Saxon acre, of the fields dressed with farm-yard manure. 



Cunnersdorf 

Mausegast 

Kbtitz 

Obcrbobritzsch 

Oberschbna 


cwt. 

V 

cwt. 

cwt. 

cwt. 

cwt. 

Farm-yard 






manure 

180 

194 

229 

314 

897 

1861 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Rye corn . 

1613 

2583, 

1616 

» 1905 

1876 

„ straw . 

1862 

4696 

6318 

4019 

3928 

3818 

Potatoes . 

17946 

20258 

20678 

11936 

16727 

1853 






Oat corn . 

2278 

1649 

1880 

1686 

1263 

„ straw 

1864 

2992 

2476 

1742 

1909 

2576 

Clover-hay 

9609 

7198 

1232 

2736 

0* 


♦ The clover crop failed from excessive wet. 
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Increase hy farm-yard manure over unmanured plots. • (See p. 190.) 



Cunnersdorf 

Mausegast 

Kbtitz 

Oberbobritzsch 

Obersobbna 

1851 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Rye corn 

337 

345 

352 

452 

1167 

„ straw 

1745 

736 

1006 

915 

229 

1852 






Potatoes 

1853 

1279 

3362 

2101 

2185 

5632 

Oat corn 

369 

360 

541 

157 

171 

„ straw 

1854 

429 

1 

635 

385 

97 

862 

Clover-hay 

365 

1615 

137 

1824 

# • 


Here, again, what strikes us first is that the returns 
from all the fields were different from one another, and 
that apparently they did not bear the most remote rela- 
tion to the quantity of manure applied. 

Nothing can be more certain than the fact that a field, 
exhausted by cultivation, wiU yield larger returns if 
dressed with farm-yard manure than if unmanured : now, 
taking the increase to be caused by manure, it is natural 
to suppose that the same quantity of manure would pro- 
duce the same increase upon diflerent fields. The follow- 
ing table, however, shows that the same quantity of 
manure, upon the Saxon fields, produced results which 
differed very considerably. 


One hundred cwt. of farm-yard manure gave increased produce. 



Cunnersdorf ^ 

Mausegast 

Kotitz 

Oberbobritzsch 

Oberschbna 

1851-53 
Winter rye 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

and oats 

1852 

1539 

1070 

988 

515 

501 

Potatoes . 

1854 

?20 

» 

« 

1723 

917 

696 

628 

Clover . 

203 

832 

60 

628 

• 

— 


* The clover crop failed from excessive wet. 

P 
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No one looking at these numbers could divine that 
they were intended to represent the effects produced upon 
five different fields by an equal quantity of the same 
manure, and that too the universal manuring agent. 

Neither in the crop of rye-corn and straw, nor in that 
of potatoes, oats, and clover, is there the shghtest re- 
semblance or correspondence; still less is it -possible to 
discover what amount of manure has been instrumental 
in producing the increased crops. 

The same quantity of farm-yard manure gave, in the 
years 1851 and 1853, at Mausegast double, at Cunnersdorf 
three times, the increase of cereal crops, corn and straw 
together, that was obtained atOberbobritzsch : the increase 
of the potato crop at Mausegast was twice as large as in 
Kbtitz ; o^ clover, four times more in Mausegast than in 
Cunnersdorf ; , and in Oberbobritzsch, ten times as mucli 
as in Kotitz. 

The enormous quantity of farm-yard manure put upon 
the field at Oberschona failed to produce anything hke 
the crop obtained from the unmanured field at Mause- 
gast. 

The composition of ffinn-yard manure, as we know 
from numerous analyses, is on the whole so much alike 
in all places, that we may suppose without great risk of 
error that in 100 cwt. of farm-yard manure every field 
receives the same nutritive substances and in the same 
quantities. 

The constituents of farm-yard manure act everywhere 
in the same way upon the soil or the earthy particles. 
Now this apparently involves an irreconcilable contra- 
diction with the fact that the increase obtained by it is 
nevertheless everywhere different, and that the dung- 
constituents supplied will, on one field, set in motion and 
render available to the cereal or potato plants growing. on 
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it, twice or three times as many elements of food as on 
another field. 

This fact does not refer to the Saxon fields alone, but 
apphes generally. Nowhere, in no country, do the crops 
obtained by farm-yard manuring on different fields ever 
correspond, as the following table of the average produce 
of divers crops in different provinces of the kingdom of 
Bavaria will show. 

Average Crops in Bavaria. 


(Seufferfs Statistics.) 

One day’s work yields average produce in bushels.* 



Wheat 

Ryo 

Spelt 

Barley 

Oats 

Upper Bavaria . . 

1'70 

1-80 

3-40 

1-90 

2-31 

Lower Bavaria . 

2-60 

1-80 

3-40 

1-90 

2-31 

Upper Palatinate and Eatis- 

bon .... 

1-45 

1-40 

2-70 

1-76 

1-86 

Upper Franconia 

1-20 

1-30 

2-20 

1-60 

1*75 

Middle Franconia 

1-65 

1-40 

3-50 

1-65 

2-25 

Lower Franconia and Ashaf- 
fenburg .... 

1-70 

1-75 

2-50 

2-00 

2-76 

Suabia and Neuburg . 

1-80 

2-00 

6-0 

2-30 

3-60 

Palatinate .... 

2-70 

2-60 

4-80 

3-75 

3-90 


The crops produced by farm-yard manuring differ not 
only in every country, but even in every locality ; and, 
strictly speaking, every field dressed with farm-yard 
manure yields an average produce of its own. 

The action of farm-yard manure upon the increase of 


1 Hectolitre 

weighs on ah average 

ZoUverein weight 

1 Bavarian bushel. 

ZoUverein weight 

Wheat . 

• 

. 146 lbs. 

330—345 lbs. 

Barley . . 

• 

. 128 „ 

290—300 „ 

Rye 

• 

. 140 „ 

318—325 „ 

Oats . . 

• 

. 88 „ * 

200—300 „ 

Spelt (in the husk) 

t 

• 79 „ 

174—220 „ , 


According to this scale, the weight of a Prussian bushel of wheat is 
83 lbs., and that of the English quarter 426 lbs., 100 lbs. (ZoUv. weight . 
=110*2 lbs. avoir.). 

p 2 
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produce is intimately connected with the condition and 
composition of the soil ; it varies, therefore, in different 
■fields, simply because the composition of the soil varies. 

To understand the action of farm-yard manure, it is 
necessary to remember that the exhaustion of a field 
arises from the loss of a certain amount of nutritive con- 
stituents, at the end of a rotation, inflicted upon the sod 
by preceding crops, which of coimse leave less available 
food in the soil for the following crops. 

However, the loss of each individual constituent has 
not the same effect upon the exhaustion of the soil. 

The loss of lime which a calcareous soil suffers by a 
cereal or by clover, matters little to the growth of a suc- 
ceeding plant that requires large quantities of lime to 
thrive well. The same applies equally to the loss of potash, 
magnesia, iron, phosphoric acid, nitrogen, on fields seve- 
rally abounding in potash, magnesia, iron, phosphoric 
acid, -or ammonia. Where a soil is abundantly provided 
with one of the mineral constituents, the amount of that 
constituent removed by the crops is so small a fraction of 
the whole mass, that the effect of the diminished store is 
not appreciable from one rotation to another. 

But practical experience shows that the crops do 
decrease from one rotation to another, and that tlje land 
requires a fresh supply of certain ingredients by manur- 
ing, if it is again to produce as large harvests as before. 

Now, as a supply of lime cannot be expected to 
restore the fertility of an exhausted field where hme con- 
stitutes the principal bulk of the soil, , jtist as little as a 
supply of potash or phosphoric acid to a field abounding 
in potash or phosphoric acid, it is easy to understand that 
where the productive power of an exhausted field is 
restored, the fertihsing effect is to be attributed simply to 
the manure returning to the field those elements of food 
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which the soil originally contained in the least propor- 
tion, and of which it has accordingly lost, by the pre- 
ceding crops, comparatively the largest fraction. 

Every field contains a maximum of one or several, and 
a minimum of one or several, other nutritive substances. 
It is by the minimum that the crops are governed, be it 
lime, potash, nitrogen, phosphoric acid, magnesia, or any 
other mineral constituent; it regulates and determines 
the amount or continuance of the crops. 

Where lime or magnesia, for instance, is the minimum 
constituent, the produce of com and straw, turnips, pota- 
toes, or clover, will not be increased by a supply of even 
a hundred times the actual store of potash, phosphoric 
acid, sihcic acid, &c., in the ground. But a simple dress- 
ing with lime will increase the crops on a field of the 
kind, and a much larger produce of cereals, turnips, and 
clover will be obtained by the use of this agent (just as 
is the case by the application of wood-ashes on a field 
deficient in potash) than by the most liberal use of farm- 
yard manure. 

This sufficiently explains the dissimilar action upon 
different fields of so composite a manure as farm-yard 
dung. 

Only those ingredients of farm-yard manure which 
serve to supply an existing deficiency of one or two of 
the mineral constituents in the soil act favourably in 
restoring the original fertility to a field exhausted by 
cultivation; all the other ingredients of the manure, 
which the fierf contains in abundance, are completely 
without effect. 

A field rich in straw-constituents cannot be made more 
productive by manuring with straw-constituents in the 
dung, whereas these constituents will prove most effi- 
cacious on fields deficient in them. 
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K two fields have the same abundance of straw-con- 
stituents, but are not equally rich in corn-constituents, 
the same supply of farm-yard manure will not produce, 
by any means, equal crops of com, because these must 
bear a relation to the corn-constituents supphed in the 
manure. Of these, both fields received the same amount 
in the same quantity of manure ; but as the one field, of 
itself, was richer in corn-constituents than the other, the 
poorer of the two must receive much more maniure to 
make it produce as large crops as the other. 

A comparatively small quantity of superphosphate 
will, on a field of the kind, serve to increase the produce 
to a much greater extent, than the most liberal use of 
farm-yard manure. 

Upon a field deficient in potash farm-yard manure acts 
by the potash contained in it ; upon a soil poor in mag- 
nesia or lime, by its magnesia or lime ; upon one poor in 
sihcic acid, by the straw in it ; upon land poor in chlo- 
rine or iron, by the chloride of sodium, chloride of potas- 
sium, or iron contained therein. 

This fact accounts for the high favour in which farm- 
yard manure is held by practical farmers. As the dung 
of the farm-yard contains, under all circumstances, a cer- ’ 
tain quantity of each of the mineral constituents with- 
drawn from the soil by the crops grown on it, its action 
is universally beneficial. It never fails to produce the 
desired eflect, and thus spares the practical man the 
trouble of devising more suitable and equally efficacious 
means for keeping up the fertility of his fields, with a less 
profuse expenditure of money and labour, or of raising 
his land, without additional outlay, to thje highest attain- 
able degree of fertility compatible with its composition. 

It is well-known in practice, that the produce of many 
fields may be increased by manuring with guano, bone- 
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dust, rape-cake, and other substances containing only cer- 
tain constituents of farm-yard manure ; and their opera- 
tion is explained, in effect, by the doctrine of minimum^ 
which I have just laid down. 

But as the practical farmer is not acquainted with 
the law which regulates the operation of these manuring 
agents as affecting -the increase of produce, he can, of 
course, have no correct notion of their rational, which 
means their truly economical, use§ he puts on his land too 
much, or too little, or chooses the wrong agent. The 
error of employing too Httle manure needs no expla- 
nation ; for every one knows that the right proportion of 
manure will, with exactly the same labour and at a 
trifling additional ‘outlay, ensure the maximum produce of 
which the land is capable. 

The error of using too much manure arises from the 
mistaken notion that the action of manures is propor- 
tionate to the quantities in which they are applied ; this 
is true up to a certain limit, but beyond this all the 
manure applied is simply thrown away, as far as any fer- 
tihsing action is concerned. 

A manuring experiment made by Mr. J. Hassell, of 
*Craigie House (‘Journal of the Eoyal Agr. Soc. of Eng- 
land,’ vol. xxii. p. 86), may, perhaps, serve to illustrate 
our meaning. In this experiment a field was divided 
into a number of plots of three rows each, all planted 
with turnips, some of the plots being left unmanured, the 
remainder dressed severally with different manuring 
agents, among* others with superphosphute (bone-ash 
^ dissolved in sulphuric acid). The produce, calculated 
per acre, was as follows : — 
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Produce per acre. 

No. of plots Cwt. 

I. Unmanured . . . . . 340 turnips (Swedes) 

11. 320 


V. 

Manured with 5 cwt. of superphosphate 

535 

77 

VI. 

9 ) 

5 „ 

77 

497 

77 

vn. 

79 

3 „ 

77 

480 

77 

VIII. 

77 

^ „ 

77 

499 

77 

IX. 

77 

10 „ 

77 

490 

77 


As shown by the difference of 20 cwt. in the produce 
of the unmanured plot^ the condition of the soil and 
the store of mineral constituents differed, to some extent, 
in different parts of the field. Other experiments, which 
we cannot describe more particularly, showed that the 
soil was poorer in the centre of the field than on the 
sidqs. 

The one great fact most clearly proved by the above 
table of produce is, that 3 cwt. of superphosphate gave 
nearly the same crop of turnips as 5 cwt. ; and that a 
further increase of the manure to 10 cwt. produced no 
additional increase of the crop. 

No steps were taken, in these experiments, to ascertain 
which of the constituents of superphosphate of lime had 
the principal share in increasing the produce of the field. 
Magnesia and lime, as well as sulphuric and phosphoric 
acid, are equally indispensable elements of food for the 
turnip plant ; and I have observed that by manuring 
with gypsum and a little common salt or with phosphate 
of magnesia, a field 'v^ll be made to give more abundant 
crops than by employing superphosphate of lime, although 
the latter uri'^uestionably proves the most effective ma- 
nure for most fields. 

To apprehend these facts correctly, we must remember 
that the law of the minimum does not apply to one con- 
stituent alone, but to all. Where, in any given case, the 
crops of any plant are limited by a minimum of phos- 
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phoric acid in the field, these crops will increase by 
augmenting the quantity of phosphoric acid up to tlie 
point at which the additional phosphoric acid bears a 
proper proportion to the next minimum constituent in 
the soil. 

If the additional phosphoric acid exceeds the corres- 
ponding quantity, for instance, of potash or ammonia in 
the soil, the excess will prove of no effect. Before the 
supply of phosphoric acid, th^ available quantity of 
potash or ammonia was a little larger than the amount 
of phosphoric acid in the soil, aqd the excess of the 
alkalies was ineffective until the phosphoric acid was sup- 
plied ; similarly the excess of phosphoric acid must 
remain just as inoperative, as previously the excess of 
potash. 

Whilst the produce before was proportionate to the 
minimum of phosphoric acid, it is now in proportion to 
the minimum of potash or ammonia, or both alkalies. A 
few experiments made on Mr. Eussell’s field might have 
settled the question. Had potash or ammonia been the 
minimum, after manuring with superphosphate, a suitable 
supply of potash or ammonia, or both, would have 
increased the produce. In this same series of experi- 
ments, 6 cwt. of guano, corresponding to 2 cwt. of super- 
phosphate, gave a crop of 630 cwt. of turnips, or 130 cwt. 
more than the superphosphate ; but it is left in doubt 
whether this increase was attributable to the potash or 
the ammonia in the guano. 

To return to our Saxon experiments. If we look at 
the different quantities of dung applied severally on the 
five fields, we are naturally led to inquire the reason of 
this diversity. 

The most feasible answer, perhaps, is, that the farmer 
gives as much manure as he has at his disposal, or that 
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he regulates the quantity according to certain facts. If 
he has found by experience that a certain quantity of 
farm-yard manure will restore his land to its original 
fertility, and that more copious manuring wdl fail to give 
larger crops, in proportion to the additional supply, or to 
the cost incurred in collecting the manure, he will stop at 
the smaller quantity., ' 

Hence it cannot be regarded as a mere accident that the 
farmer at Cunnersdorf contented himself with 180 cwt. 
of farm-yard manure, while the farmer at Oberbobritzsch 
, laid 314 cwt. upon his field. 

But if the quantity of manure to be applied is not 
dependent upon chance or caprice, but is regulated by 
the object in view, it is manifest that the proceedings of 
the farmer are governed by a law of nature unknown to 
him, except by its effects. 

It is in the composition and condition of the soil that 
we must seek the law which regulates the quantity of 
farm-yard manure required, at the outset of a fresh rota- 
tion, to restore a field to its former fertility ; and it is not 
difficult to see that this quantity must always be propor- 
tionate to the effective dung-constituents already present 
in the soil ; a field largely abounding in them takes less 
manure than a poor field to give the same increased 
produce. 

How, as farm-yard manure owes its most active con- 
stituents to clover, turnips, and the grasses, the inference 
is pretty clear that the quantity of this manure required 
on a field is in an inverse ratio to the produce of clover, 
turnips, or grass, which the field can give when unma- 
nured. 

The Saxon experiments show that this inference cannot 
be far from the truth, in one respect at least ; for on 
comparing the produce of clover given by the unmanured 
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plots with the quantity of farm-yard manure applied, we * 
find : — 

Clover crops in 1854. 

Cnnnersdorf MUnsegast Ejj^titz Oberbobritzsch Obcrschbna 

Pouqdg . 9144 5583 1095 911 — 

Quantity of manure applied in 1851. 

Cwt. . 180 194 229 314 897 

The field at Cunnersdorf which contained the largest 
store of dung-constituents received the smallest; the 
field at Oberbobritzsch which gave the smallest crop of 
clover, the largest quantity of farm-yard manure. 

The crop of clover, however, is not the only factor to 
determine the amount of farm-yard dung required for 
manuring ; for one of the clover-constituents, silicic acid, 
which is indispensable to the cereal plants, is present 
only in trifling proportion, and hence the quantity of 
farm-yard manure (straw-manure) must bear a definite 
ratio to the quantity of straw-constituents already present 
in the ground. 

If, in the Saxon experiments, we compare the increased 
produce of corn and straw obtained from the fields 
manured with farm-yard dung, we find : — 

Increase of produce hy farm-yard manuring j per acre. 

Cunnersdorf Kdtitz Oberbobritzsch 

Quantity of farm -yard manure . 180 cwt. 229 cwt. 314 cwt. 

Corn 347 lbs. 352 lbs. 452 lbs. 

Straw 1743 „ 1006 „ 914 „ 

The field in Cunnersdorf, manifestly the richest in sub- 
stances nutritive for straw, gave the largest straw-crop, 
although it had received the smallest quantity of farm- 
yard manure. In the increased produce, corn was to 
straw as 1 : 5, clearly showing that sparing application 
of straw-manure was the proper course to pursue here. 
This fact readily explains also why the field at Ober- 
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^ • 
bobritz^h, comparatively poorer in straw-constituents, 

required 85 cwt. of farm-yard manure more than the 
Kotitz field, to enable it to maintain, in its increased pro- 
duce, the same proportiofi of corn and straw (1 : 2) m in 
the crop from the-unmanured plot. ^ 

These considerations might, perhaps, lead the practical 
farmer to the convictidn that he is, after all, not much of 
a free agent in the cultivation of his fields, and that the 
‘facts and circumstances’ which guide him in his pro- 
ceedings are simply laws of nature, of whose existence 
he has scarcely any conception. In truth, it may be said 
that the agriculturist is a free agent only in his wrong- 
doings. If he acts in accordance with his own interest, 
he must allow himself to be guided, even though uncon- 
sciously, by the condition of his land ; and the only 
matter for wonder is, how far the man of ‘ experience ’ 
has succeeded in this way. 

A system of farming, to be called truly rational^ must 
be exactly suited to the nature and condition of the soil ; 
for it is only when the rotation of crops or the mode 
of manuring is conformable to the composition of the 
soil, that the farmer has a sure prospect of realising the 
highest possible returns from his labour or from the 
capital invested. 

Now considering, for instance, the great difierence in 
the condition of the soil at Cunnersdorf and Oberbobritzsch, 
it is self-evident that the same rotation of crops which suits 
the one field, will not answer equally well for the other. 

If farmers would only make up their minds to acquire 
by experiments on a small scale,* an accurate knowledge 
of the productive power of their land for certain kinds or 
classes of plants, a few more experiments wotild readily 

. * In a field of pretty uniform composition, experiments of this kind 
may be made with flower pots sunk in the earth.* 
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enable them, to discover what nutritive substances their 
land contains in minimum proportion, and what manuring 
agents ought to be apphed to ensure the production of a 
maximum crop. 

Iir matters of thii kind the farmer mijst pursue his own 
course, and the proper course is the one that will ^most 
fully secure the object he has in view ; he must not put 
the least faith in the assertion of any foolish chemist, who 
wants to prove to him analytically that his field contains 
an inexhaustible store of this or that nutritive substance. 
For the fertility of a field is not proportionate to the 
quantity of one or- several food elements analytically 
shown to exist in it, but to that fraction of the total 
nutritive substances which the field is able to give up to 
the plants; and the only means of determining that 
fraction is by the plant itself. The most that chemical 
analysis can do is to supply a few data for comparing the 
condition of two fields. The expariracnts made by the 
beet-root growers on the extensive tract of land in Eussia, 
known as the Tschemosem or ‘ Black soil,’ whose fertility 
for corn plants is proverbial, show that this earth, though 
analytically proved to contain upon the whole, to a depth 
of twenty inches, 700 to 1000 times the quantity of 
potash required for a full beet-root crop, is, after three or 
four years’ cultivation, so exhausted, that without manur- 
ing it will no longer yield a remunerative crop of beetroot.* 

♦ With regard to the general opinion about the abundance and 
inexhaustibility of potash in land, the following announcement, in the 
* Badische Centralblatt fiir Staats'und Gemeinde-Interessen,’ May 1861, 
is not without interest. * In the District of Bretten. — The contracts 
which usually take place in the early part of the year for the cultivation 
of beetroot, are now fully open for competition in this district, and fer 
good articles 80 francs the cwt. are offered this year, whereas last year 
only 26 francs were paid. NotwithstaUding this rise of prices, and the 
premiums offered for superior roots, not many transactions have been 
concluded. The reason of this is quite intelligible, for the very ii^urious 
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In the produce of cereals there is only one proper pro- 
portion between grain and straw ; but the unfavourable 
proportions are many. It is clear that the mass and 
extent of the organs for the formation of grain (in other 
words, the bulk of the straw) must bear a definite relation 
to the product, that is, to the quantity of grain produced : 
any excess or deficiency in the amount of straw must 
always act injuriously upon the grain crop. 

When it is known that, on a given field, one part by 
weight of corn to two parts by weight of straw is the 
most favourable proportion for the production of grain, 
then, according to theory, the manuring of the field should 
not be such as to cause any marked alteration of this 
relative proportion in the increased produce ; that is to 
say, the several manuring substances should be selected 
and laid upon the field in such quantity and relative pro- 
portion, that the composition of the soil may remain the 
same as it was before^ 

it is well known that certain manuring substances are 
especiafty favourable to the formation of the herbaceous 
parts of plants, others to that of seed. Phosphates, as a 
general rule, increase the grain crop : whilst of gypsum 
it is well known that where that substance efiects an 
increase in the produce of clover-hay, this increase is 
always attended with a marked diminution in the produce 
of seed. The cultivation of potatoes or Jerusalem artichokes 
tends to reduce the excessive accumulation in the arable 
surface soil, of substances which promote the formation of 
the herbaceous parts of plants* Theoretically, therefore, 
it is not impossible to maintain a certain uniformity of 
composition in the soil of a field; but this cannot be 

effects resulting to land on which this product has been cultivated, are 
too well known.’ The effects must have reference to fields which had 
been adequately manured, for otherwise no profitable returns can be 
expected. 
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effected by carrying on the husbandry of an estate by 
the system of farm-yard manuring. It will hereafter be 
shown that by the continuous and exclusive use of farm- 
yard manure, the composition of the soil is found changed 
after each rotation.* ^ 

The last point which claims our attention, in reference 
to the -Saxon experiments, is the difference in the per- 
meabihty of the soil to the dung-constituents in the 
different localities. The depth to which the alkalies, the 
ammonia, and the soluble phosphates penetrate, depends ^ 
of course upon the absorptive power of the soil ; now, 
^ assuming, for the sake of illustration, the soil of a field to 
be divided from the top downwards into distinct layers, 
which are not of course sharply separated from one 
another, we find that in some localities the dung-con- 
stituents stop in the upper layers, wliilst in others they 
penetrate to the deeper layers of the ground. Thus, 
for instance, in the Cunnersdorf field the clover crop had 
derived no benefit from the farm-yard manure, being about 
only 4 per cent, larger than tlie produce given by tlie 
unmanured plot; whereas at Mausegast the manuring 
caused an increase of 30 per cent., and at Oberbobritzsch 
of 200 per cent. ‘ Tliis result shows that certain mineral 
constituents, indispensable for dover, penetrated much 
deeper into the ground at Mausegast and Oberbobritzsch 
that at Cunnersdorf and Kotitz ; or, what comes to the 
same, that, in the two latter places, they were, on their 
way downwards, retained by the upper layer of the soil. 
On comparing the crops given by the unmanured plbt at 
Cunnersdorf with those obtained from the unmanured 
plots in the other localities, we see that the Cunnersdorf 
field contained nearly as large a store of straw constituents 
as the fields at Kotitz and Oberbobritzsch, while it was 
decidedly poorer in’ the principal grain constituents. 
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namely in phosphoric acid and, perhaps, also in nitrogen. 
Hence, with an equal supply of phosphates and ammonia 
on the three fields, the* topmost layer of the ground at 
Cunnersdorf, being poorer in these constituents, would 
retai?a great deal more of them than that of the other 
two fields. 

The increase in the potato crop and in the produce of 
oat-grain and straw, on the Cunnersdorf field, clearly 
indicates that certain dung-constituents made their way 
,to that layer of the soil from which the roots of the oat 
plant principally derive their food, which layer, being 
richer in corn and straw constituents than the arable ^ 
surface soil, permitted a small proportion of nutritive 
substances to pass through it and thus reach the clover. 

If we compare with this the field at Kotitz, and look 
at its extraordinarily scanty crop of oat-grain and straw, 
we see at once that in the latter field the deeper layers of 
the soil were much poorer in corn and straw constituents, 
but that the topmost layer was much richer in' corn 
constituents than the land at Cunnersdorf. 

Although the Kotitz field received above 25 per cent, 
more farm-yard manure than the Cunnersdorf field, yet 
only a very insignificant portion of that Inanure found its 
way down to the clover* as the layer above had retained 
the substances nutritive to clover, and these had prin- 
cipally served to benefit the oat-plant. The increase in 
the produce of oat-grain at Kotitz was more than double 
that obtained from the Cunnersdorf field. At Mausegast 
the relations were similar ; from the uncommon abundance 
of corn and straw constituents in the arable surface soil, 
the absorptive or retentive power of the latter for the 
dung-constituents , in solution was comparatively less, 
and a considerable pBoportion of these substances was 
thus permitted to reach the deepest layers. The uniform 
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rise* pf the successive crops obtained from the manured 
field at Oberbobritzsdh evidently shows a very uniform 
distribution of active dung-constituents, such as might be 
expected in a soil which, though not exactly sandy, yet 
contained a larger proportion of sand than any of the 
other experimental fields. 

It is easy to see, that by knowing the absorptive power 
of the arable soil in these several fields, the farmer is 
enabled to determine beforehand to what depth the nutri- 
tive substances supplied in the manure will penetrate into 
the ground ; and it follows, as a matter of course, that he 
is able to apply with greater effect the mechanical means 
at his disposal for promoting the distribution of these 
elements in the soil, in the right places and in the proper 
manner. 

It would answer no good purpose to expatiate still fur- 
ther on this point; my object has been to direct the 
attention of the farmer to the different facts or pheno- 
mena which are presented by his land during the process 

of cultivation ; because a closer observation of each 

* 

phenomenon will lead him to reflect upon the cause of 
it. This is the way to obtain an accurate knowledge of 
the state and condition of the soil. 

Observation and reflection are the fundamental condi- 
tions of all progress in natural science ; and agriculture 
presents, in this respect, ample room for discoveries. 
What must be the feehngs of happiness and contentment 
of the man who, by skilfully turning to proper account 
his intimate knowledge of the peculiarities of his land, 
has succeeded, without increased application of labour or 
capital, in gaining from it a permanent increase of 
produce ? For such a result is not only a personal advan- 
tage to himself, but a most important benefit conferred 
upon all mankind. 


Q 
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How paltry and insignificant do all our discoveries and 
inventions appear, compared to what is in the power of 
the agriculturist to achieve I 

All our advances in arts and sciences are of no avail in 
increasing the conditions of human existence; and though 
a small fraction of society may by their means be gainers 
in material and intellectual enjoyment, the load of misery 
weighing upon the great mass of tlie people remains the 
same. A hungry man cares not for preaching, and a 
child that is to learn anything at school must not be sent 
there with an empty stomach. 

Every step in advance, however, made by agriculture 
serves to alleviate the sufferings and troubles of mankind, 
and to make the human mind susceptible and capable of 
appreciating the good and the beautiful that art and 
science present to us. Improvements in agriculture con- 
stitute the only solid foundation for further progress in 
all other branches of knowledge. 

We now proceed to consider the changes brought 
about in the composition^ of the soilt)f a given field by 
cultivation by the system of farm-yard manuring. The 
cause to which the restoration of the power of produc- 
tion in the soil by farm-yard manure is attributable is 
the same in the case of all soils, without exception, how- 
ever widely the rotations may differ, or whatever be the 
nature of the crops cultivated upon them. 

By the cultivation of cereals, and the removal of the 
corn-crops, the arable surface soil loses a certain portion 
of corn-constituents, which must be restored to it by 
farm-yard manure, if the future crops are to be ^ept up 
to the mark of the preceding ones. 

This restoration is effected by the cultivation of fodder- 
plants, such as turnips, clover, grass, &c., on which the 
cattlKfe on the farm are fed, and the constituents of which 
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are drawn, in large proportion, from the deeper layers of 
the ground, where the roots of the cereals cannot pene- 
trate. 

These fodder plants are consumed either on the field 
itself, as turnips in England, or in the stalls. A fraction 
of the. nutritive substances contained in these plants 
remains in the body of the animals fed upon them, while 
the remainder, ejected in the form of solid or liquid 
excrements, constitutes farm-yard manure, the principal 
bulk of which, however, consists of straw which has 
served for litter. 

In Germany animals are not fed upon potatoes them- 
selves, but upon the refuse from the distilleries of potato 
spirits, which contains all the nutritive substances taken 
away from the soil in the potato crop, together with the 
constituents of the barley-malt that have been used in the 
process of mashing. 

Since the whole of the straw taken away in the crops 
of the preceding rotation is, as a general rule, returned 
to the arable soil in the shape of farm-yard manure, 
the field is, at the outset of the new rotation, as rich as 
before in the conditions for the production of straw ; 
and there exists, under these circumstances, no ground 
for a diminution of the straw-crops. 

With regard to the clover, turnips, potato-waste, &c., 
upon which the stock on a farm is fed, there .remains, as 
already stated, in the bodies of the horses, cattle, &c., and 
full-grown animals in general (which no longer materially 
increase in weight), only a very small fraction of the con- 
stituei^s of the food consumed ; but in the young cattle 
sent to market, in the bodies of the sheep, in the milk 
and cheese, a portion of these constituents is retained, 
which is not returned to the soil in the farm-yard manure. 
The loss of phosphoric acid and potash which the soil 
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sustains by the sale of cattle and of animal products 
(wool, cheese, &c.), may be estimated at one-tenth of the 
quantity of these mineral coi^stituents contained in the 
potatoes, turnips, or clover j and even this estimate is, per- 
haps, too high. At all events, it is risking no great error 
to assume that nine-tenths of all the constituents of the 
clover, potatoes, or turnips, are returned to the field in 
the farm-yard manure; whence the arable surface soil, 
after manuring, is richer for the new rotation in the mi- 
neral constituents of potatoes, clover, and turnips, than it 
was before, as the constituents of the two latter plants 
have been brought up from the deeper layers of the 
ground. 

The far greater portion of the active dung-constituents 
is retained by the upper layers of the soil, the deeper 
layers getting back very little of what has been taken 
from them ; the power of the latter, therefore, to produce 
as large crops of clover or turnips as before is not 
restored. 

The soil constituents which the animals have derived 
from the turnips, clover, potatoes, &c., and which remain 
in their bodies, are veiy nearly identical, in quantity and 
quality, with those of the cereals ; hence the loss sus- 
tained by the land may be estimated as equal to the corn- 
crops sold, phis the corn-constituents which the fodder- 
plants have given up to the animals on the farm. 

The restoration of the power of a field to produce a 
crop of corn as large as the last naturally presupposes 
that the conditions required for the production of the new 
crop should remain the same in the veiy layer of the soil 
which supplied the preceding crop ; in other words, the 
substances nutritive to corn which were taken away must 
be fully returned to the arable surface soil. 

If farm-yard manure contained only the constituents 
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of straw and potatoes, and nothing else, manuring a field 
with it could merely restore the productive power of the 
arable soil for straw and potatoes, but not for corn. 
Under these circumstances it would remain as rich as 
before in food elements for straw and potatoes, but would 
be poorer for corn to the extent of the whole quantity of 
corn-constituents taken away in the crops. 

If farm-yard maiture is to restore the former pro- 
ductiveness of a field for com, it must necessarily contain 
an amount of corn-constituents corresponding to the loss 
sustained, that is to say, as much or even more than has 
been removed. 

The amount of the elements of food for corn contained 
in the farm-yard manure naturally depends upon the sum 
of these elements which have passed- over into manure, 
from the cattle feeding upon clover or turnips. 

Where this supply exceeds the loss sustained, the 
arable soil is actually made richer in corn-constituents ; 
but in that case it is enriched also in the conditions for 
an increased produce of straw and tuberous plants. 
Where, therefore, the farm-yard manure (by the clover 
or turnip constituents in it) increases the amount of phos- 
phoric acid and nitrogen in the arable soil, it increases, 
in a much greater proportion, the quantity of potash and 
lime, and to some extent also that of silicic acid ; and 
since, as already stated, the whole of the straw-consti- 
tuents removed from the field are brought back to it in 
that manure, higher crops of corn, straw, and potatoes 
are the natural result. 

This increase of the produce of all cultivated plants 
drawing their principal food from the arable surface soil, 
may go on for a very long time, but in -all fields it has a 
certain appointed limit. 

The time comes, sooner or later. Tor every field, when 
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the subsoil (which is to the clover of turnips what the 
arable surface soil is to the cereals), suffering a continued 
drain upon its stores of phosphoric acid, potash, Hme, 
magnesia, &:c., begins to lose its productive power for 
clover or turnips ; and thus the nutritive substances, 
taken away from the arable surface soil in the com crops, 
are no longer replaced from the store which existed in 
the deeper layers, and was brought up by the clover or 
the turnips. But the high returns of com* given by a 
field do not necessarily decline with the incipient failure 
of the ■ clover ; for where the arable soil of a field has, 
after every rotation, received from the clover or 
turnips more corn-constituents than it had lost by the 
corn-crop, there may be a gradual accumulation of an 
excess of these elements of food sufficient to conceal 
altogether from the farmer the true condition of his land. 
By introducing into his rotation vetches, white-clover, 
and other fodder-plants that derive their food from the 
upper layers of the soil, he succeeds in keeping up his 
hve stock, and he indulges in the notion that all things 
go on in his field just as before, when the clover or the 
turnips yielded good crops. This is of course simply a 
delusion, as there is no longer an actual replacement of 
the loss sustained. His high corn-crops are now gained 
at the expense of the nutritive substances accumulated 
in excess in the arable surface soil which are set in 
motion by the fodder-plants introduced into the rotation, 
and are uniforndy distributed again in the arable soil 
after each rotation, by means of the farm-yard manure. 

Hip dung-heap may happen to be of larger bulk and 
extent than formerly, but as there is now no further 
supply of nutritive substances brought up from the sub- 
soil or the deeper layers by the clover or turnips, the 
power of the mamrfe to restore the original fertility of 
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the arable soil is continually decreasing. With the ulti- 
mate consumption of the excess of corn-constituents 
accumulated in the arable soil, the time comes when the 
corn-crop begins to diminish, whereas the produce of 
straw is comparatively higher than before, as the con- 
ditions* for the formation of straw have been steadily 
increasing. 

Of course, the farmer cannot fail to remark the dimi- 
nution of his corn-crops, which induces him to have 
recourse to drainage, to improved tillage, and to the 
substitution of other cultivated plants, in lieu of clover 
and turnips. If the subsoil of his fields will permit it, 
he now includes in his rotation lucerne and sainfoin, 
whose still longer and more widely spreading roots 
enable them to reach yet deeper layers of the ground 
than the red clover ; until finally he employs the yellow 
lupine, which may truly be called the ‘hunger-plant.’ 

A new increase of produce is the result of these ‘ im- 
provements ’ in his system of cultivation by farm-yard 
manuring, which the farmer looks upon as a great advance. 
A firesh store of nutritive substances, brought up from 
the deeper layers of the soil, may possibly accumulate 
again in the arable surface soil ; but these deeper layers 
also will be gradually exhausted, and the accumulated 
store in the arable surface soil will also be consumed. 

This is the natural termination of cultivation by the 
system of farm-yard manuring. 

The fields of the Saxon experiments afford very fair 
illustrations of the different conditions to which arable 
land in general is brought, by a pure system of farm- 
yard manuring. 

The field At Cunnersdorf is in the first stage, the 
Mausegast field in the second, the fields at Kotitz, and 
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Oberbobritzsch in the third stage, of cultivation by farm- 
yard manuring, to which we have referred. 

At Cunnersdorf the arable soil exhausted by the pre- 
ceding cultivation becomes with every new rotation 
richer in the conditions required for the production of 
grain ; not only does the clover replace the loss sustained 
by the removal of the corn-crops, but a remarkable 
excess of all nutritive substances wftl gradually accumu- 
late in the arable soil ; and, after a series of years, with 
the same system of cultivation by farm-yard manuring, 
the field will be brought to the condition of the land at 
Mausegast ; which means, that the arable soil will 
acquire a high productive power for com and other 
crops, while the produce of clover will decrease. The 
fields at Kotitz and Oberbobritzsch most probably were 
in former times in the same condition as the Mausegast 
field is at present; not that they ever yielded crops 
as large as the latter gives, but merely that the unma- 
niired plots have, at some antecedent period, given better 
crops than in the year 1851. Without an additional 
supply of mineral elements derived from meadows or 
other fields not included in the rotation, the produce 
must go on continually decreasing, as the supply of 
mineral constituents brought up by the clover from the 
subsoil, in these two places, is far from sufficient to make 
up for what is taken away in the com-crops. 

In the following calculation it has been assumed that 
of the crops obtained, rye and oats were actually re- 
moved, and of potatoes and clover one-tenth was carried 
away in the form of cattle.* 

♦ The amount of phosphoric acid and potash is estimated in the 
calculation as follows : — ^ 

Bye Oats ' Potatoes CflOver»liay 

Com Straw Com Staraw 

Phosphoric acid . . 0-864 0-12 0-76 0-12 0-14 ‘ 0-44 
Potash .... 0-47 0-62 0-38 0-94 0-68 1-16 
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Cunnersdorf, 

Fhoi^hoTio add Potash 


lbs. IbB. Iba. 

The arable soil lost by removal of 1176 rye-grain 10*2 5*5 

„ „ 2019 oats . 15*3 7*7 

„ „ potato crop 2*3 1*1* 

„ „ tV clover crop 4*0 2*0* 

. Total loss 31*8 16*3 

The arable soil had returned to it, in of 

9144 IbAf clover-hay 36*18 95*5 

Balance in excess .... 4*38 79*2 


The arable soil of the Cunnersdorf field received; 
accordingly, in the farm-yard manure, more phosphoric 
acid and more potash than had been carried off* by the 
corn-crops. 

In this calculation, it is a question of no importance 
how much of the rye or oats was carried off. More 
than the field produced could not be cairied away, and 
if less were removed the only effect would be thait 
phosphoric acid and potash would accumulate all the 
more in the field. 

M&usegast. 


.# 

Phosphoric ftcid 
lbs. 

Potash 

lbs. 

The arable soil lost by the rye-grain, barley-grain, 



potatoes, -j'g- clover ..... 

35*4 

18*1 

The arable soil received in of the clover crop 

22*0 

62*0 

IjOSS ...... 

13*4 Gain 43*9 

Kotitz. 



Phosphorio acid 

Potash 


lbs. 

lbs. 

The arable soil lost in the rye, oats, and in 



the of the potatoes and clover 

26*4 

12*7 

It received in the clover ..... 

8*5 

11*0 

Loss ..... 

17*9 

1*7 


The calculation is about the same for the field at 


♦ The quantity of potash is calculated Thiere upon the proportion of 
phosphoric acid in com, one part by weight of potadi to two . by 
weight of phosphoric acid. ' 
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Oberbobritzsch as for Kotitz. While the arable soil at 
Mausegast, in consequence of the large clover crops pro- 
duced by it, stni continues to gain in potash, the corn- 
crops are gradually reducing the rich store of potash in 
the Kotitz field. 

These three fields show the effect of a pure system of 
farm-yard manuring, from which is excluded supply 
of manure extraneous to the farm itself. 

An additional supply of fodder purchased from other 
farms, or hay grown on natural meadows, answers the 
same purpose as an additional supply of manure. 

It is self-evident that we cannot give more farm-yard 
manure to a field than it produces, unless we take the 
constituents of the manure from some other field, -which 
in that case must lose just as much as the former field 
gains. 

“ If we direct our attention to manured fields, we find 
that they give larger corn-crops, and in many cases also 
larger clover or turnip- crops ; the arable soil losing more 
by the removal of the corn-crop, and receiving more 
back by the increased prodi^^e of farm-yard manure, still 
the ultimate results remain the same. 

In the system of cultivating by rotation of crops, it is 
found that, for a long time, the arable soil grows with 
each period of rotation very much richer than it is by 
nature, in potash as well as in lime, magnesia (the prin- 
cipal constituents of clover and turnips), and in silicic acid. 

These substances are the principal conditions for the 
formation of roots and leaves ; their accumulation in the 
soil tends to make the ground rank and prone to grow 
weeds*, as the farmer says, an evil which, arises as a 

* The most noxious of tfifese weeds are the wild radish {JRaphanus 
raphani8trum)j the com cockle (Agrostemma cithago)^ the ®om-flower 
or blue-hottlie {Centaurea cyanus)^ the German <»momUe (A/airicana 
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necessary consequence from cultivation by the system of 
farm-yard manuring, and which can only be met, as he 
thinks, by a rotation of crops. 

It is generally supposed that the best remedy is the 
hoe ; but though mechanical application may retard the 
developement of weeds for a time, it cannot effectually 
prevent ^em. The hoe has some share in removing 
them, but not all. 

The succession of crops in rotation is always made 
dependent upon the cereals; the preceding crops are 
selected of such a kind that their cultivation will not 
injure, but rather improve, the succeeding corn-crop. 
The selection of the particular kind, however, is always 
governed by the condition of the soil. 

In a field abounding in stalk and leaf constituents, it is 
often found useful to have wheat preceded by tobacco or 
rape, rye by turnips or potatoes, since these plants by 

drawing from the soil a large amount of leaf and stalk 

% 

chamomilla), and the corn camomile {Anthemis arvensis). All these 
plants contain, in their ash, as much potasli as is found in clover, and 
7 to 18 per cent, of chloride of potassium, a salt which forms one of 
the principal constituents, of the urine of animals, and which is brought 
to the field in the ferm-yard manure. 



II. 

Matric. 

I. 

Matric. 

Anthemis 

Oentanrea 

Agrostemma 


Cham. 

cham. 

arvensis 

* 

oyanus 

oithago 

Per cent, ash . 

8'61 

9-69 

9-66 

7-32 

13-20 

The ash contains: 
Potash . 

25-49 

32-386 

30-57 

36-536 

22-86 

Ctioride of 
potassium . 

18-4 

14-25 

7-15 

11-88 

7-55 

Phosphoric acid 

5-1 

7-80 

9-94 

6-59 

6'64 

Phosphate of 
iron . . 

2-39 

2-39 

A-77 

2-34 

1-80 

■ - r- ' 


(EilLiNa, ^Aimal. d,. Chem. iind Pharm.’ vol. Ivi. p, 122.) 
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constituents serve to restore a more suitable proportion 
between the straw and com constituents for the future 
cereal crop, and at the same time to diminish, in the arable 
soil, those conditions which favour the growth of weeds. 

The preceding observations relative to the produce^ 
given by the Saxon fields, both in the unmanured and 
manured state, afibrd, in my opinion, a perfect insight 
into the nature and results of cultivation by the system 
of farm-yard manuring. In the condition of these fields 
in their several stages, we may see reflected the history 
of agriculture. 

In the first period, or on a virgin soil, corn-crop is made 
to succeed corn-crop, and when the produce begins to fail, 
the culture is simply transferred to a fresh field. The 
increasing requirements of the growing population, how- 
ever, gradually, put a check upon this plan, and compel 
a steady cultivation of the same surface; a system of 
alternate fallowing is now resorted to, and efibrts are 
made *to restore the lost fertility of the soil, by manur- 
ing with the produce of the natural meadows. After 
a time, this expedient begins to fail, and leads to the 
cultivation of fodder-plants, the sub-soil being thus 
turned to account as an artificial meadow. The culti- 
vation of fodder-plants proceeds, at first, without inter- 
ruption ; after a time, longer and longer intervals are 
interposed between the , clover and turnip crops ; finally, 
the cultivation of fodder-plants comes to an end, and with 
it the system of cultivation by farm-yard manuring. The 
ultimate result is the absolute exhaustion of the soil, 
inasmuch as the means for increasing the produce of the 
soil gradually pass away from it by this system. 

Of course, fhe progress by which these difterent stages 
are reached is extremely slow, and the iresults. are felt 
only by the third and fourth geheratioh. "V^en thOre 
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are woods Dear the arable land, the peasant seeks to turn 
the fallen leaves to account as manure f he breaks up 
the natural meadows which are still rich in elements 
of food for plants, and converts them into arable land ; 
then he proceeds to bum down the forests, and to 
manure his fields with the ashes. When the gradual 
exhaustion in the productive power of the land has led to 
a corresponding decrease in the population, the peasant 
cultivates his land once every two years as in Catalonia, 
or once every three years as in Andalusia.* 

• No intelligent man who contemplates the present state 
of agriculture with an unbiased mind, can remain in 
doubt, even for a moment, as to the stage which hus- 
bandry has reached in Europe. We find that all coun- 
tries and regions of the earth where man has omitted to 

restore to the land the conditions of its continued fer- 
* * 

tility, after having attained the culminating period of the 
greatest density of population, fall into a state of bar- 
renness and desolation. Historians are wont to attribute 
the decay of nations to political events and social causes. 
These may, indeed, have greatly contributed to the 
result ; but we may well ask whether some far deeper 
cause, not so easily recognised by historians, has not pro- 
duced these events in the lives of nations, and whether 

* The Emperor Charles V. gave orders that the meadows recently 
turned into arable .land should be restored to their former condition. 
Even before the time of Charles V. orders of the same nature had been 
issued by the first Catholic Kings, and at a still earlier period by Pedro the 
Cruel of Castile. In the banning of the fifteenth century, Henrique of 
Castile prohibited the exportation of cattle, on pain of death ; and as 
early as the commencement of the fourteenth century. King Alonzo 
Onzeno had issued ordinances for the preservation of meadows and 
pastures. (‘Bilder aus Spanien von Karl Freiheirn von Thienen, Adler- 
flycht,’ Berlin ; Dunker, p. 241.) AU in vain ! for what ; ayaUs the 
power of even the mightiest monarchs against fiie irrepresdble actlpn of 
a law of nature? 
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most of the exterminating wars between different races 
may not have sprung from the inexorable law of self- 
preservation ? Nations, like men, pass from youth to 
age, and then die out—so it may appear to the superficial 
observer; but if we look at the matter a little more 
closely, we shall find that, as the conditions for the con- 
tinuance of the ' human race which nature has placed in 
the ground are very limited and readily exhausted, the 
nations that have disappeared from the earth have dug 
their own graves by not knowing how to preserve these 
conditions. Nations (like China and Japan) who know 
how to preserve these conditions of life do not die out. 

Not the fertility of the earth, but the duration of that 
fertility, lies within the power of the human will. In 
the final result, it comes very much to the same thing, 
whether a nation gradually declines upon a soil constantly 
diminishing in fertihty, or whether, being a stronger race, 
it maintains its own existence by exterminating and 
taking the place of another people upon a land richer in 
the conditions of life. 

It can hardly be ascribed to caprice or chance that the 
cultivator in the huertas of Valencia obtains three crops 
yearly from the same soil, while in the immediate neigh- 
bouring district the ground is tilled only once in three 
years ; or that the Spaniards burned down forests in sheer 
ignorance, in order to use the ashes to restore the fertility 
of their fields. (See Appendix G.) 

Everyone who is at all acquainted with the natural 
conditions of agriculture, must perceive that the method 
of culture practised for centuries in most countries could 
not but inevitably impoverish and exhaust even the most 
fruitful lands ; can it then bfe supposed that there Will be 
any exception in the case of cultivated lands iii Europe, 
and that like causes will not produce like effects P 
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Under these circumstances, is it right or reasonable to 
pay any attention to the doctrines of superficial wise- 
acres, who, with their wretched chemical analyses find an 
inexhaustible supply of nutritive substances in any given 
soil, even in one which can no longer produce clover, 
turnips, or potatoes, and yet may be rendered capable of 
producing these plants by manuring with ashes or lime in 
the right places ^ 

In face of the daily experience which shows that the 
corn-fields, if they are to remain fruitful, must be 
manured after a short series of years, it is a crime against 
human society, a sin against the public welfare, to dis- 
seminate the doctrine that the fodder-plants, which fur- 
nish manure to the corn fields, will constantly find upon 
the field the conditions of their own growth, that the 
law of nature applies to one kind of plant only, and has 
no bearing upon the other. The teaching of these men 
has no other result than to keep agriculture in the low 
position which it now occupies. In England it is a 
mere mechanical handicraft, and in that country manure 
is regarded as merely the oil which smoothes the wheels 
and keeps the machine in motion. 

In Germany agriculture is a jaded horse, treated with 
blows instead of fodder ; nowhere is its real beauty and 
the intellectual aspect of its pursuit recognised. Hgt 
merely for its utility, but on account of this very intellectual 
nature of its pursuit, it stands above all occupations ; and 
its practice procures, to the man who understands the 
voice of nature, not only all the advantages for which he 
strives, but also those pleasures which science alone can 
afford. ' 

In human society, ignorance is undoubtedly the fun- 
damental, and therefore the very greatest evil. The igno- 
rant man, however rich he may be, is not protected from 
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poverty by his wealth; while the poor man, who has 
knowledge, becomes rich by its means. Unconsciously 
to the ignorant farmer, all his industry, care, and toil only 
hasten his ruin; his crops gradually diminish, and at 
length his children and grandchildren, no wiser than 
himself, are unable to maintain themselves upon the 
homestead where they were born ; their land passes into 
the hands of the man who has knowledge ; for by know- 
ledge capital and power are acquired, and by these, as a 
matter of course, the helpless are expelled from the inhe- 
ritance of their forefathers. 

As an animal cannot care for himself, the law of 
nature takes care of him, and is his master ; but not so 
with man, who, if he understands the intentions of .God 
in his creation, is master of the law of nature, which 
yields to him a complete and wilhng obedience. The 
animal brings into the world his perceptions and instincts, 
which grow up with his growth, and without any effort 
of his own ; but to man the Creator gave the gift of 
reason, and this distinguished him from the brutes. This 
is the divine talent, which he should put out to interest, 
and of which it is said, ‘ He that hath, to him shall be 
given ; but from him that hath not, shall be taken away 
even that which he hath.’ It is only the interest pro- 
cured by means of this ‘ talent’ that gives man power 
over the forces of the earth. 

Error arising from want of knowledge is excusable, for 
no one adheres to it after recognising its existence ; and 
the struggle between error and dawning truth arises 
from the natural striving of men for knowledge. In 
this contest truth must grow stronger, and if error pre- 
vails, this only proves that truth has yet to grow, not that 
error is truth. 

At aU times the ‘ better’ h^ always been the enemy 
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of the ‘ good ; ’ but men do not comprehend for all that 
why, in so many cases, ignorance is the enemy of reason. 

There is no profession which for its successful practice 
requires a larger extent of knowledge than ‘agriculture, 
and none in which the actual ignorance is greater. 

‘ The farmer who practises the system of rotation, 
depending exclusively upon the application of farm-yard 
manure, needs very little observation, nay only to open his 
eyes, in order to be convinced, by innumerable proofs, that 
whatever may have been the outlay of labour and industry 
applied to the production of farm-yard manure, his fields 
have not been thereby increased in the power of bearing 
crops. 

If.fann-yard manure was actually able to render a 
field permanently richer in nutritive substances than it is 
by nature, we might expect that a course of manuring 
for fifty years would necessarily produce a steady increase 
in the crops. 

Now, if farmers who practise the system of rotation, 
laying aside all bias and prejudice, would compare their 
present with their former crops, or with those obtained 
by their fathers or grandfathers, none of them would 
be able* to say that the crops have increased, and only 
few that the average has remained the same. Most* of 
them would find, that on the average, the straw-crops 
have turned out higher, but the corn-crops lower, and 
proportionately lower than they formerly were higher ; 
and that the surplus money which their parents gained by 
the former high crops, the result of their improvements, 
as they supposed, must now be paid out again, to pur- 
chase manuring substances, which, as people formerly 
thought, could be ‘produced.’ Now, however, they begin 
to learn that though such substances may be prodi^ped 
for a time they cannot be reproduced in perpetuity. 

R 
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In like manner, the farmer whose richer ground has 
enabled him to carry out the three-field system, and 
whose rich meadows guaranteg a supply of manure, who 
obtains as ‘abundant harvests and as large a weight of 
corn as the farmer who adopts the system of rotation, 
and thus surmises that his management has procured 
what the ground gives of its own free will, will inevitably 
discover that his fields may be exhausted of the condi- 
tions of their fertility, and that it is quite erroneous to 
suppose that all the farmer’s art consists in converting 
manure into corn and flesh. 

A simple law of nature regulates the permanence of 
agricultural produce. If the amount of produce is in 
proportion to the surface presented by the sum- total 
of nutritive substances in the soil, the permanence 
of the crops will depend upon the maintenance of that 
proportion. 

This law of compensation, the replacement of nutritive 
substances which the crops have carried away from the 
soil, is the foundation of rational husbandry, and must, 
above all things, be kept in view by the practical farmer. 
He may renounce the hope of making his land more 
fruitful than it is by nature, but he cannot expect to keep 
his harvests up to their average if he allows the necessary 
conditions for them to diminish in his land. 

All those farmers who cherish the notion that the 
produce of their fields has not declined, have not hitherto 
been able to appreciate the force of this law. Assuming 
that they have an excess of nutritive substances to deal 
with, they think they may continue drawing upon it, 
until a failure becomes visible, and then they fancy it 
will be time enough to talk of compensation. 

Shis view results from want of understanding the 
nature of their own acts. 
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There surely can be no doubt that to manure a field 
which already contains an ea:cess of nutritive substances, 
is opposed to a rational system of cultivation ; for what 
end could be gained by increasing the nutritive substances 
in a field where a portion of the elements already existing 
cannot, on account of their mass, come into operation ? 

But how can sensible men talk of excess when they are 
obhged to use manure in order to keep up their harvests, 
and when their crops dechne if they employ no manure ? 

The simple fact, say others, that in certain districts, as 
in Ehenish Bavaria, agriculture has flourished since the 
time of the Eomans, and that the ground there is just as 
rich, nay, gives higher crops than in other lands, is a 
proof how httle reason there is to fear want or exhaus- 
tion by continued culture ; for if such a thing were 
likely, it would make itself manifest there sooner than 
elsewhere. ' 

But in the cultivated lands of Europe agriculture is at 
all events still very young, as we know with the greatest 
certainty from records of the time of Charlemagne. His 
ordinances respecting the management of his own estates 
[capitula'm de villis vet curtis imperatoris)^ wherein 
directions are given to the stewards, as also the official 
reports to the Emperor {specimen hreviarii rerum Jisca- 
lium Caroli Magni\ sent in by inspectors expressly 
appointed to survey those estates, are irrefragable proofs 
that there was then no agriculture worth the name. 
Very little is said in the (Japitulare about the cultivation 
of corn, with the exception of millet. It is reported in 
the Breviarium, that at Stefanswerth (a domain of the 
Emperor), comprising .740 acres {jumales) of arable 
land and meadow, capable of supplying 600 cartloads of 
hay, the commissioners found no corn in store, but on 
the other hand a large number of cattle, 27 sickles great 
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and small, and only seven broad hoes, to till 740 acres 
of land! 

Upon another estate were found 80 baskets of last 
year’s spelt, equwalent to 400 lbs. of flour (=1^ bushel, or 
somewhat more than 3 hectolitres), 9^ baskets of spelt 
of the current year, from which 450 lbs. of flour could 
be made. On the other hand^ there were 330 hams I 

The crop or stock upon another domain amounted to 
20 baskets of spelt (=100 lbs. of flour) of the preceding 
year, and 30 baskets of spelt, of which one was used 
for seed. 

It is easy to see that in those days the breeding of 
cattle was the chief object, and tliat the cultivation of corn 
occupied a very subordinate position in husbandry.* A 
deed of the period shortly -after Charlemagne says on 
this point : ‘ Every year three yokes of land upon an 
estate ’ should be ploughed and sown with seed fur- 
nished by the lord of the manor. (See ‘ die Getreide- 
Arten und das Brod von Ereih. von Bibra.’ Nurem- 
berg : Schmid. 1860.) 

Hence we possess not a single trustworthy proof that 
any one field in Germany or France (23erhap9 we may 
make an exception in favour of Italy) has served for the 
cultivation of corn from the time of Charlemagne to our 
own age ; and the argument for the inexhaustibility of 
land is almost childish, because it assumes that corn may 
be continuously taken from a field, without restoring the 
conditions of reproduction. \ field does not necessarily 
become unfruitful for corn because it has yielded large 
corn-crops; but it ceases to yield corn-crops if it does 
not receive compensation for the corn-constituents which 

* It is worthy of remark that Charlemagne introduced, upon his 
estates, the three-field system, with which he had become acquainted in 
Italy. 
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have been removed. This compensation is facilitated by 
the breeding of cattle, in proportion to the extent to 
'which this is carried, and especially when the cultivator 
is acquainted with the operation of manure. In the 
time of Charlemagne this was well known, for the winter- 
crops were manured with dung, distinguished as cattle- 
dung (called gor) and horse-dung [dost or deist). Besides, 
the practice of marling was then common in Germany. 

With regard to the special instance of Ehenish Bavaria 
as proving the inexhaustibility of the soil, I had an 
opportunity last autumn, at a meeting of the Society of 
Naturalists at Spires, of making particular inquiries 
about the actual condition of the neiglibourliood. Ehe- 
nish Bavaria, from the slopes of tlie Ilardt mountains to 
the Ehine, comprises a district of great fertility; the 
region is inhabited by an extremely industrious popula- 
tion, distributed in small towns and villages. Almost 
every artisan, even to the tailor and shoemaker, possesses 
a small plot of ground, on which he raises his potatoes 
and vegetables. The export of corn from this district is 
never thought of, but on the contrary corn and a large 
quantity of manure are imported from Mannheim, Hei- 
delberg, and elsewhere. The manuring substances ob- 
tained from^the houses of the towns and villages are 
carefully treasured* and employed, so that there can be 
no fear of exhaustion, since the removed nutritive sub- 
stances are resto^d to the fields. In spite of all this, in 
no part of Germany is the want of manure more felt 
than there. On the highways children are constantly 
seen with little baskets, following the horses and swine, 
to gather the manure. dropped by those animals. In the 
year 1849, during the political agitation in the Palatinate, 
the peasants had no more urgent request for the im- 
provement of their condition to lay before the magistrates, 
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than a petition to be allowed to collect ‘forestings,’ 
that - is, to carry off the natural manure from the 
forests for the benefit of their fields. They urged that 
mthout this (very pitiful) addition to their manure, the 
future prospects of agriculture in the Palatinate were 
endangered. In fact, a great quantity of manure is laid 
out upon the vineyards and tobacco-fields, which give 
none in return ; hence the increasing want. 

There can be no doubt that in the earliest periods 
most of our cultivated fields gave a succession of abundant 
crops, without manuring, as is the case even now with 
many fields in the United States of America. But no 
fact has ever yet been more clearly established by expe- 
rience than this, that in the course of a few generations 
all such fields are found perfectly unsuited for the growth 
of wheat, tobacco, and cotton, and that they recover 
their fertility only by manuring. 

I know full well that recorded facts have as little 
weight with ignorant ‘practical men’ as those of poli- 
tical history with practical statesmen, who also act 
according to ‘ circumstances and contingencies,’ and are 
simply led when they fondly believe they lead. Still, the 
reflecting mind cannot fail to be |truck by the circum- 
stance, that it is just in countries where the^land is most 
positively known to have given for -above 4000 years, 
without manuring by the hand of mam an uninterrupted 
succession of abundant crops, that the luU action of the 
great law of restitution is most clearly seen. 

We know, most positively, that the corn-fields in the 
valley of the Nile and the basin of the Ganges remain 
permanently fruitful, simply beca\ise nature has taken 
upon herself to restore the lost condition of productive- 
ness to the soil in the mud deposited by the inundation 
of these rivers which gradually raises, the land. 
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All the fields fliat are not reached by the river lose 
their productiveness unless manured. In Egypt, the 
amount of the crop to be expected is calculated from the 
height of the water of the Nile ; and in the East Indies 
a famine is the inevitable consequence whenever there 
happens to be no inundation. 

Nature herself, in these striking instances, points out to 
man the proper course of proceeding for keeping up the 
productiveness of the land. (See Appendix H.) 

The notion of our ignorant practical husbandmen,' that 
the soil contains ample store of the elements of food to 
enable them to pursue their system of agriculture, is due 
partly to the excellent quality of the land, but also to 
their skill in robbing it. The man who attempts to gain 
money by filing the weight of one gold piece from a 
thousand, cannot plead, in extenuation, that it is re- 
marked by no one, but if discovered he is punished by 
the law; for everybody knows that the fraudulent act, 
repeated a thousand times, would ultimately leave nothing 
of the gold pieces. A similar law, from which, more- 
over, there is no escape, punishes the agriculturist who 
would make us believe that he knows the exact store of 
available food elements in his land, and how far it will go ; 
and who deceives himself when he fancies he is enriching 
his ^field by bestowing on the arable surface soil the 
matters taken from the deeper layers. 

There is another class of agriculturists consisting of 
men with a small stock of knowledge joined to a limited 
understanding, who, indeed, fully recognise the law of 
restitution, but interpret it after their own fashion. They 
assert and teach that part of the law only, and not the 
whole, applies to cultivated fields; that certain consti- 
tuents, unquestionably, must be Restored to the soil to 
keep up its productiveness, but that all the. others are 
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found in . the earth in inexhaustible quantities. They 
generally base their opinion upon some unmeaning che- 
mical analysis, and demonstrate to the simple agriculturist 
(for whom alone such disquisitions are intended) how 
rich his fields still are in some one or other of the mine- 
ral 'Constituents, and for how many hundred thousand 
crops the store will still suffice ; as if it could be of the 
least use for any one to know what the soil contains, if 
the amount of the available food elements that serve to 
produce the crops, which is the really important point, 
cannot be determined. 

With such absurd assertions they absolutely hoodwink 
our ‘practical’ farmers, who, but for them, might see 
clearly into matters, but who appear only too willing to 
accept any assertion that will only leave them at peace, 
and save them the trouble of ‘ thinking.’ 

I remember a case where a swindler offered to sell to 
a wealthy gentleman, at a high price, a mine of almost 
pure oxide of aluminium, after having shown him, from 
chemical works, that oxide of aluminium was indispen- 
sable for the production of the metal aluminium, the 
market price of which was as much as 4/. per pound, 
and that the ore of the mine offered for sale con- 
tained nearly 80 per cent, of that valuable metal. The 
purchaser was not aware that the ore in question is gpne- 
rally known as ‘ pipe-clay,’ an article of almost nominal 
value, and that the high price of the metal arises from 
the many changes through which the oxide has to pass 
to effect its reduction to the metallic state. 

It is generally the same with the great stores of potash 
in the soil. The alkali in the ground, to answer ’the 
intended purpose, must, by the agriculturist’s art, be con- 
verted first into a certain form, in which, alone, it is 
available as food for plants ; and if he does not under- 



IGNORANT PRACTICAL MEN. 


249 


stand how to effect^ this conversion, all the potash in his 
soil is of no earthly use to him. 

The notion that the farmer need only restore to his 
land certain substances, without troubling himself about 
the rest, might not be prejudicial if those who entertained 
it confined the application to their own farms ; but, as a 
matter of instruction to others, it is untrue and quite 
exceptionable. It is calculated for the lo^ intellectual 
standard of the practical man, who, if he in any way 
succeeds, by certain alterations, in his system, or by the 
use of certain manuring agents in obtaining better results 
than another, attributes his success to his own sagacity 
rather than to the superior quality of his land. He does 
not even know that the other has tried the very same 
plans as himself, only without attaining so favourable a 
result. Our ignorant practical husbandman starts upon 
the assumption that all fields are the same in condition as 
his own, and that, therefore, the same system which 
answers on his farm ought to do equally well on every 
other ; that the manure which he finds useful ouffht to be 
equally useful to others ; that the deficiencies in his field 
are the same in all other fields ; that what he exports 
from his land, others export from theirs ; and what he is 
called upon to restore to his soil, others are equally called 
upon to restore to theirs. 

Although he knows next to nothing of the condition 
of his own land, with which it would, indeed, require 
many years of careful observation to become familiar, 
and is most profoundly ignorant about the condition of 
the land in any other part, although he never has 
troubled himself with reflecting upon the causes of his 
success in the cultivation of his fields, and is quite, aware ^ 
that the advice of agriculturists from other parts, re- 
specting manuring, rotation of crops, and the general 
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treatment of his own land, is not of the slightest use to him, 
because, as he has foimd, it is not at all applicable to his 
district ; yet all this does not prevent him from wanting to 
instruct others, and persuade them that his system is the 
only true one, ai^d that they need only do as he does to 
obtain equally favourable results. 

The foundation of all such views is a total miscon- 
ception of tiie nature of the soil, the condition and com- 
position of which presents an infinite variety of shades. 

The fact that many fields that happen to be rich in 
silicates, and in lime, potash, and magnesia, are, by the 
growth of corn upon the commcgi farrn-yard manuring 
system, drained only of phosphoric acid and nitrogen, 
and that the farmer need only look to the replacement of 
these matters without troubling his mind about the rest, 
ljp,s already been fully discussed. This fact no one can * 
dispute : but it is utterly inadmissible to apply it to the “ 
case of other fields, and to make other farmers beheve 
that they, too, need not trouble their minds about supply- 
ing to their land potash, lime, magnesia, or silicic acid, 
an(f that salts of ammonia and superphosphate of lime 
will suffice to restore the productiveness of all exhausted 
fields. 

A farmer may, therefore, be quite justified in consider- 
ing that his field can never grow poorer in potash because 
he never takes any from it, or that it actually contains a 
superabundance of potash since every rotation tends to 
accumulate in the soil a fresh amount of that ingredient ; 
but it is childish of him to think himself justified by this 
circumstance in assuring another, agriculturist, about 
whose system of cultivation he knows tiothing, that the 
fields of the latter equally contain a superabundance of 
potash. 

There are millions of acres mi fertile land (sand and 
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clay-soil), in which the pVbportion of lime or magnesia in 
the soil does not exceed that of phosphoric acid, and 
where provision must be made for replacing the former 
as well as the latter. Again, there are milhons of acres 
of fertile land, which, like calcareous soils in general, 
are exceedingly poor in potash, and become absolutely 
barren without a proper supply of this ingredient. 

There are, on the other hand, millions pf acres of 
fertile fields abounding so richly in nitrogen that any 
additional supply of that, element would be mere waste. 

Ashes will not promote the growth of clover on fields 
abounding in potash, ^whilst the application of manuring 
agents containing phosphoric acid will have that effect ; 
on the other hand, ashes will make clover grow on land 
deficient in potash, where bone-earth proves useless ; and 
a simple supply of lime containing magnesia wifi, often 
suffice to restore the productiveness for clover where the 
land is deficient in hme and magnesia. 

When a farmer, besides corn and flesh, grows and sells 
other produce, the nature of the required supply of 
mineral elements is thereby necessarily altered. In the 
average potato produce of three hectares of land we 
take away the seed-constituents of four wheat crops, 
besides about 600 lbs. of potash, and in the average 
turnip produce of three hectares the seed-constituents of 
four wheat-crops, besides about 1000 lbs. of potash. A 
supply of phosphoric acid alone will not suffice, in this 
case, to keep up the productiveness of the land. 

The grower of commercial plants, such as tobacco, 
hemp, flax, the vine, &c., must in like manner strictly 
attend to the law of restitution, which, properly inter- 
preted, does not imply that he should bestow the- same 
anxious care upon the replacement of all constituents 
alike which have bedi taken away in the crops. It 

IM 
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would, for instance, be the height of absurdity to require 
the tobacco planter who grows his crops on a hme or 
marltsoil, to replace the lime carried off in the leaves of 
the plant. But it tells him that not all that goes by the 
name of manure is useful for his fields, and it shows him 
the difference between manures : it informs him of the 
loss inflicted upon the soil by the preceding crop, and 
the supply, required to insure future harvests ; it teaches 
hiin never to allow himself to be guided in his proceed- 
ings by the opinions of persons who do not take the 
shghtest interest in him and his land, but always to act 
upon his own observations. A cartful study of the weeds 
that spring up spontaneously in his fields may frequently 
prove more useful in this respect than a heap of hand- 
books on agriculture. 

If after the foregoing statements the condition of the 
cultivated land in Europe, and the decline towards which 
agriculture is tending by the prevailing system of farm- 
yard manuring, should still be a matter of doubt to 
many persons unacquainted with the natural sciences, 
and who trust only to definite numbers as palpable facts, 
that doubt may, perhaps, be removed by statistical data 
on the corn produce of the land in different parts of 
Germany, which have been collected partly by order of 
the governments^ 

For a correct appreciation of the importance, of these 
data in the matter, it is necessary in the first place to 
understand clearly what is meant by an ‘ average ’ crop. 
By this term is designated the average produce, ex- 
pressed in numbers, of a field, or a number of fields, or 
all- the fields of a district or country. The figure which 
represents it is found by adding together the produce of 
all the fields for a number of years, and dividing the 
sum total by the latter. Thereife accordingly a special 
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average produce for every district, by which the next 
year’s crop is judged. Thus we talk of a full, or a half, 
or a three-quarter average, as the produce happens to 
come up to the calculated average, or fall one-half or 
one quarter below it. 

The question as to the actual condition of our corn- 
fields may therefore be put thus : Has there been any 
change in the figure which at any previous period ex- 
pressed the average produce of the land, and in what 
sense ? Is that figure higher now than formerly, or has 
it remained the same or fallen ? If the figure is higher, 
this is of course a sign of an improved condition of the 
land ; if it remains the same, the condition has under- 
gone no change; and if it is lower, there can be no 
doubt that the condition of the land in that district has 
declined. 

I select for my purpose the statistical data of the pro- 
duce of the Hessian Ehine district, one of the most 
fertile provinces of the Grand Duchy of Hesse, with an 
exceUeht wheat soil, and inhabited by a most industrious 
and generally weU educated population. (‘ Statistische 
Mittheilungen uber Eheinhessen, von F. Dael, DLL.’ 
Mayence : 1849. Flor. Kupferberg.) 

These data embrace a period of fifteen years, from 
1833 to 1847 ; they refer accordingly to the time when 
guano was not yet used as manure in Germany. The 
use of bone-earth was at that time also still very limited, 
and hardly worth taking into account. 

A produce of eleven grains of wheat to every two 
grains sowu, of five and a half accordingly, was held 
to be an average crop for the Hessian Ehine district. 
(20 malters=14 bushels=5120 hectolitres per hectare 
=2*471 English acres.) * 

Taking the figure ^^to express an average crop, the 
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amount of produce reaped in the Bhine district of Hesse 
was : — 

1833 1834 1836 1836 1887 1838 1839 

0*85 0-78 0*88 072 0*88 073 0-61 

1840 1841 1842 1843 1844 1846 1846 1847 

1-10 0-40 0-90 074 1 02 0‘63 075 0-88 

which gives a mean for the fifteen years of 0*79 of the 
former average. 

The productiveness of the wheat land in the Rhine dis- 
trict of Hesse has therefore declined somewhat more than 
one-fifth. 

I know all that may be urged against the accuracy of 
these figures severally, and their trustworthiness collec- 
tively ; but if they contain errors, the impartial observer 
must see that these must tend to the plus as well as to 
the minus side, and that it would be most extraordinary 
in the presence of plus errors that all the estimates 
should have fallen out on the minus side. 

There is, however, a very simple, and at the same time 
infalhble and irrefutable, proof of the correctness of the 
conclusions, drawn from these figures, in the fact that the 
cultivation of wheat is on the decrease, that of rye on 
the increase, in Bhine Hesse, and that many fields on 
which wheat was formerly grown are now turned into 
rye fields. 

Properly understood, the change from wheat to rye 
always argues a deterioration in the quality of the soil ; 
the farmer begins to grow rye in a wheat field only when 
the latter no longer gives remunerative wheat crops. 

In Bhine Hesse, a 4^ fold produce of rye considered 
an average crop ; a wheat soil, therefore, capable of 
giving only four-fifths of an average wheat-crop, can pro- 
duce a fuU average rye-crop. * 

Now the average produce of rye in the fifteen years is 
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0*96, which pretty nearly corresponds with the full 
average. 

For spelt, the mean was 0*79 of the average; for 
barley, 0*88 ; for oats, 0*88 ; for peas, 0*67 ; for pota- 
toes, on the other hand, 0*98 ; and for colewort and 
turnips, 0*85. 

The statistical data collected in Prussia and Bavaria, 
which are most reliable, give the same result ; and I 
have not the slightest doubt that it would hold equally 
true with France and other countries, England included. 
The visible gradual • deterioration of the arable soil 
cannot but command the sericgis attention of all men 
who take an interest in the public welfare. It is of the 
utmost importance that we do not deceive ourselves 
respecting the danger, indicated by these signs, as threat- 
ening the future of the populations. An impending 
evil is not evaded by denpng its existence or shutting 
our eyes to the signs of its approach. It is our duty to 
examine and appreciate the signs : if the source of the 
evil is once detected, the first step is thereby taken to 
remove it for ever. 
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CHAPTEE VI. 

GUANO. 

Composition compared with that of seeds ; small amount of potash in it ; 
its action — Guano and bone-earth, similarity of their active ingredients 
— Guano acts quicker than bone-earth, or a mixture of the latter and 
ammoniacal salts ; reason of this — Oxalic acid in Peruvian guano ; the 
phosphoric acid rendered soluMe by its means — Peruvian guano, its effect 
on the cultivation of com — Moist guano loses ammonia — Moistening 
guano with water acidulated with sulphuric acid ; effect — Inactivity of 
guano in dry and very wet weather — Rapidity of its action as a manure, 
on what dependent — Comparison of the effect of farm-yard manure 
and guano j effect produced by mixing the two — Guano on a field rich 
in ammonia — Increased produce by guano, what it presupposes — 
Exhaustion of the soil by continuous use of guano — Mixture of guano 
with gypsum and with sidphuric acid — The Saxon agricultural experi- 
ments •, their results. 

P EEUVIAN’ guano generally contains 33 to 34 per cent. 

of incombustible, and 66 to 67 per cent, of volatile 
and combustible ingredients (water and ammonia), ^he 
latter consist principally of uric acid, oxalic acid, a brown 
matter of uncertain composition, and guanine. The 
^uric acid amounts occasionally to as much as 18 per 
cent., the oxahc acid generally to 8 or 10 per cent, of 
. the weight of the guano. The relation of uric acid to 
vegetation is not known, but it is hardly likely that this 
substance can have a perceptible share in the fertilising 
action of guano. To account for this action, then, 
we have only the ammonia and the incombustible con- 
stituents left to consider. An analysis of two samples of 
guano, made by Dr. Mayer and Dr. Zoeller, in my own 
laboratory, showed 100 parts of guano ash to contain : — 
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Potash * . . , . . 1'56 to 2*03 

Lime . . . . • 34*00 „ 37*00 

li^F^esia . , . . . . 2*56 „ 2*00 

Phosphoric acid . . . . 41*00 „ 40*00 

If we compare with this the composition of the ashes 
of various seeds, we see at once that the incombustible 
constituents of guano do not altogether replace the soil 
constituents carried off in the seeds. 

In 100 parts of seed ash are contained, — 



Wlieat 

Peas and bei^ 

Rape 

Potash . . . . 

. 80 

40 

24 

Lime .... 

. 4 

6 

10 

Magnesia 

. 12 

6 

10 

Phosphoric acid 

. 45 

36 

86 


The principal difference between the ash of guano 
and that of these seeds lies in the deficiency of potash 
and magnesia in the former. 

Agriculturists are generally agreed about the necessity 
of potash for vegetation, and that a supply is. required by 
fields poor in that ingredient, or drained of it ; but the 
question as to the importance of magnesia for seed for- 
mation has iiot, as yet, met with the same attention, and 
special experiments in4;his direction would be very desir- 
able. The fact that much more magnesia is found in the 
seeds than in the straw unmistakably shows that it must 
play a definite part in the formation of the seed, which 
might, perhaps, be ascertained by a careful examination 
of seeds of the same variety of plants containing different 
amounts of magnesia. It is a well-known fact that the 
seeds of the several species of cereals having the same 
proportion of nitrogen, do not always contain the same 
nitrogenous compounds, and it is possible that the naturq- 
of the%tler m^ of the seeds, 

tia% iii^ehced or of 

so that" Ihlf^difiei^hc^ hr of both of 
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alkaline earths may have a certain connection with the pre- 
sence of the soluble nitr<^enous compounds (albumen and 
casein), or of the insoluble (gluten or vegetable fibrine). 
Of course, the quantity of potash and soda present would 
have to be taken into account in an investigation of the 
kind. The fertilising action of guano is generally attri- 
buted to the ammonia in it, and to the other ingredients 
rich in nitrogen ; but accurate experiments made to elu- 
cidate this point, by the General Committee of the Agri- 
cultural Society of Bavaria, which we shall hereafter have 
occasion to mention, have shown that whilst the use of 

* M 

guano was found, in many cases, to increase very con- 
siderably the produce of com and straw of a field, the 
application of an ammoniacal salt containing an amountf 
of nitrogen corresponding to that in the guano produced 
no perceptible effect on the crop of the same cereal, 
grown in the same year, upon another plot of the field, 
when compared with the produce of a third unmanured 
plot of the same field. 

Though the part which the ammonia in the guano 
plays, in many cases, in increasing the produce, cannot 
be questioned; yet it is equally certain, on the other 
hand, that in many other instances the fertilising action 
of guano must be attributed principally to its other con- 
stituents. 

If the ash of guano is compared with calcined bones, 
or bone-earth, it is found that the difference between the 
two is not very great; yet an amount of bone-earth 
containing the same proportion of earthy phosphate as in 
guano, or even two to four times that, quantity, has not 
the same action as the latter manure. Even a mixture of 
bone-earth with ammoniacal salts in sufficient proportion 
to make the amount of nitrogen and phosphoric acid 
equal to that contained in the guano, , though more 
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efficacious than bone-earth alone, has still a different action 
from guano. The great distinction between the two lies 
in the greater rapidity of the action of the guano in the 
first year, *and often even in the cc^urse of a few weeks, 
whilst in the ye^ after it is "ytrely perceptible ; that of 
the l^pne-earth, on the other hand, is comparatively slight 
in the first year, but increases in the following. 

The cause of this difference of action is the oxalic add 
in Peruvian guano, which often amounts to from 6 . to 10 
per cent. If guano is subjected to lixiviation, the water 
dissolves sulphate, phosphate, and oxalate of ammonia, 
which latter salt crystallises out abundantly upon evapo- 
rating the solution. But if the guano is moistened with 
water, without lixiviating, and is then left to itself, it is 
found, upon extracting with water portions of the mix- 
ture from time to time, that the proportion of the oxalic 
acid in the solution gradually decreases, whilst that of 
the phosphoric acid increases. A decomposition takes 
place in this moistened condition of the guano, through 
the agency of the sulphate of ammonia, by which the 
phosphate of lime is converted into oxalate of lime and 
phosphate of ammonia. Peruvian guano is, in this 
respect, a very remarkable mixture, which could scarcely 
have been more ingeniously compounded for the purposes 
of the nutrition of plants ; for the phosphoric acid in it 
becomes soluble only in a moist soil, througK which it 
then spreads in form of phosphate of potash, phosphate 
cffisoda, and phosphate of ammonia. ♦ 

The action of guano may rather be compared to a 
mixture of superphosphate of lime, ammonia, and salts 
of potash| which, indeed, in many cases, is equal to iti 
On a soil abounding in lime, guano is, however, deddeiffiy; 
more advantageous than* superphosphate of lim^Vap^ 
the latter, upon coming in contact with the caitohal^^ 
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lime in the soil, is at once converted into neutral 
phosphate of lime, which requires to meet with another 
solvent at the place of formation to effect its diffusion 
through the soil, whilst phosphate of ammonia spreads 
through a lime soil just ^ if there was no carbonate of 
hme in it. The phosphate of ammonia formed when 
guano is moistened with water (PO5 + 3NH4O), loses in the 
air one-third of the ammonia. It is owing to this circum- 
stance that guano, when quite dry, will keep without 
alteration ; whereas, when it has been fraudulently moist- 
ened, to increase the weight, it loses, by keeping, con- 
siderably in ammonia. * 

If guano, just before its application on the field, is 
moistened with water and a httle sulphuric acid, suffi- 
cient to give the water a slightly acid rpaction, the decom- 
position now mentioned, which otherwise requires days 
and weeks, is effected in a few hours. 

That guano should not produce much effect in very 
dry weather needs no explanation, because, without 
water, no substance will act in the ground ; that it 
should, however, equally fail in very wet weather, is, 
undoubtedly, owing in part to the fact that the oxalic 
acid is washed out, as an ammoniacal salt, by the rain 
water, and that there is, accordingly, a corresponding quan- 
tity of phosphoric acid not made soluble. By the above 
simple and cheap means the injurious influence of wet 
weather upon guano ihay be completely guarded against, 
inasmuch as the ^ater and sulphuric acid ensure the con- 
version into a soluble form of the whole of the phos- 
phoric acid, which could have been brought into that 
condition by the oxalic acid. 

The rapidity with which a nutritive substance employed 
in the shape of manure produces an effect, depends 
essentially upon the speed with which it spreads through 
the soil, and this, again, upon its solubility ; h^ce it is 
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easy to understand why giiano surpasses, in these respects, 
many other manure# 

As regards certainty of action, guano will not bear 
comparison with farm-yard manure, which, from its 
nature, is effective in aU cases;. for farm-yard manure 
restores to the land all the soil constituents, of the pre- 
ceding rotations, though not in the same proportions, 
whereas guano restores only some of them, and cannot, 
therefore, replace farm-yard manure. As guano, however, 
contains, with the exception of a certain quantity of 
potash, the chief constituents (phosphoric acid and 
ammonia) of theteported corn and flesh, the addition of 
a certain proportion of guano to farm-yard manure may 
serve to restore the proper composition of the latter, and, 
with it, also that of the soil. 

Let lis suppose, for the purpose of illustration, that a 
hectare of land has been manured with 800 cwt. of farm- 
yard manure, containing, according to Yoelker’s analysis, 
272 kilogrammes of phosphate, and that the field has, at 
the end of the rotation, returned the same quantity of 
farm-yard manure of the same composition, and has lost 
by the corn and the animal produce, exported, altogether 
135 kilogrammes of phosphates ; the productive power 
of this field, in so far as it depends upon the phosphates, 
would not only remain unaltered, but would even be 
considerably increased, by adding to the 800 cwt of 
farm-yard manure supplied to it at the commencement 
of a fresh rotation, 400 lbs. of guano (with 34 per cent 
of phosphates in it). 

Kilogrammes 

The famyard manure supplied to the land . . 272 of phosphates 

In the produce exported the field lost . . . 135 „ 

There remained in the arable soil . . . . 137 „ 

In the new rotation was added by the fredi supply 

of 800 cwt. of fiirm-yard manure . . . . 272 „ 

By the addition of the 400 lbs. of guano . . 135 „ 

Altogether . . . . . . 544 „ 
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At the beginning of the new rotation the arable soil 
contained, accordingly, twic# as mlfch phosphates as at 
the beginning of the preceding one. 

•It will thus be seen that, under these circumstances, 
where a field receives back, in the farm-yard manure, a 
larger share of phosphate than it has lost in the crops, 
the action of guano upon it will grow feebler from year 
to year^ until at last it ceases to be appreciable. 

But the case is very different as regards the application 
of guano on fields to which a smaller quantity of phos- 
phates is returned in the farm-yard manure than has been 
lost in the crops, and that have, for inltance, been culti- 
vated for half a century upon the farm-yard manuring 
system. It has already been explained, that on such fields 
certain constituents of the fodder plants and of straw, 
more particularly soluble silicic acid and potash, are conti- 
nually increasing in the arable soil, whilst .by the export 
of corn and fiesh its store of mineral substances is re- 
duced by the quantity contained in the exported matters. 
The two sets of constituents had jointly produced the 
crop. By taking away the seed-constituents a corre- 
sponding amount of the straw and fodder constituents 
was, accordingly, rendered ineffective. Li fields of this 
description, manuring with guano not only brings up the 
amount of produce to the former standard, but frequently 
even increases it to a surprising extent, when the soil 
contains a large " store of other assimilable food elements^ 
which require only the presence of the guano consti- 
tuents to make them available for nutrition. In the in- 
creased produce thus obtained, there is, of course, car- 
ried off, together with the guano constituents, also a part 
of the store of the other food elements ; and upon . 
repeated manurings with guano the fertilising effect of 
that agent must therefore necessarily become feebler in 
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the same proportion as the quantity of these other food 
elements decreases in the gijound. The fertilising action 
of all compound manures is rarely dependent upon one 
constituent alone ; and as guano contains, in its ammonia 
and phosphoric acid, two food elements, which require 
the. presence of each other to be available, manuring with 
guano insures tne action of the phosphoric acid, because 
the particles of the latter are in immediate contact with 
ammonia particles, that are at the same time also avail- 
able to the roots ; and in the same way the phosphoric 
acid insures and increases the action of the ammonia. 

Ill a sod abouitding in ammonia, manuring with phos- 
phates. Irone possessing the same degree of solubdity, 
wiU produce the same effect as guano. 

When ammonia salts fad to produce any effect on a 
field whilst guano is found to act favourably, there is 
reason to attribute the beneficial effect of the guano prin- 
cipaUy to the phosphoric acid in it ; but in the reverse 
case the conclusion would not hold equally good, because 
the salts of ammonia produce two different kinds of 
effects ;(|jfhey may, under certain circumstances, consider- 
ably increase the amount of produce, and yet the favour- 
able effect may not be positively attributed to the action 
of ammonia as such (see page 77). 

The presence in the sod of a sufficient quantity of 
potash and silicic acid is always presupposed when guano 
increases the produce of corn; and on a soil rich in 
potash and magnesia, the apphcation of guano alone 
insures a succession of crops of such plants, which, like 
potatoes, require for their growth chiefly potash and 
magnesia. 

Meadows and corn field# which gave at first; large crops 
with guano, become at last, by the continued use of this 
agent, frequently so drained of sdicic acid and potash, as 
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to lose for many years their original productiveness. At 
the same time it cannot be denied that there may be 
many soils which, for several years, by the aid of guano 
alpne, might be made to produce high cereal crops before 
this state of exhaustion appears ; but it will at last inevi- 
tably come, and it will then be very difficult to repair the 
damage. ^ 

In 800 Cwt. of farm-yard manure with which a hectare 
of land is manured in a rotation of crops, the soil 
receives (according to Voelker’s analysis) the same quan- 
tity of phosphates and of nitrogen as in 800 kilo- 
grammes (15*7 cwt.) of guano ; in other words, there is 
as much of these two elements of food for plihts con- 
tained in 1 lb. of the latter agent as in 50 lbs. of farm- 
yard manure. Guano, therefore, contains these elements 
in the most concentrated form, and permits the appli- 
cation of them to certain parts of the field more 
conveniently than by farm-yard manure, as is often 
advantageously done after putting in the seed. In 
many places, guano is mixed with gypsum to reduce 
its over-powerful action. The gypsum divides tlj| guano 
particles and causes them to .be more equally distributed 
over the field; but there is no real diminution of the 
chemical action of the ammoniacal salts; the gypsum 
decomposes the oxalate and the phosphate of ammonia 
into sulphate of ammonia, and phosphate and oxalate 
of lime. The phosphate of lime formed in this way 
is in a state of infinitely fine division, in which it is 
most suitable for the roots of plants ; however, a small 
portion only of the phosphoric acid is converted into 
this state, and with the removal of the oxalic acid, ceases, 
also, the beneficial influence w^ich the latter exercises in 
promoting the diffusion of the phosphoric acid. 

It will, therefore, be found much more effective to 
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moisten the guano with water to which a little sulphuric 
acid has been added, and to mix it, after twenty-four 
hours, with saw-dust, turf-dust, or mould, instead of 
gypsum, and to strew this mixture over the surface of the 
field. The rain water dissolves out the phosphate of 
ammonia, which slowly sinks into the ground, and all 
parts of the soil with which the solution comes in contact 
are enriched at the same time with phosphoric acid 
and ammonia. If to the saw-dust, turf-dust, &c., gypsum 
* is added, it decomposes with the phosphate of ammonia 
into very finely-divided phosphate of hme and sulphate 
of ammonia, which are separated by the rain water ; the 
soluble sulphate of ammonia penetrating deeper into the 
ground and carrying down with it a small quantity of 
the phosphate of lime, whilst the main bulk of the latter 
is left on the top. 

On land poor in potash, the addition of wood ashes to 
the guano, moistened with water and sulphuric acid, will 
be found beneficial, as the carbonate of potash decom- 
poses with the phosphate of ammonia into carbonate of 
amiuonia and phosphate of potash, and the potash does 
not interfere with the phosphoric acid penetrating into 
the soil. 

The results obtained, in the Saxon experiments, by 
manuring with guano, afibrd a clear insight into all the 
peculiarities observed in the action of this manuring 
agent. 

If we compare the produce severally obtained by 
manuring with guano and with farm-yard manure (see 
page 190), we are led to the following considerations on 
the condition of the experimental field : — 
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Manuring with guano. 



Cunnersdorf 

MSnsegast 

Ebtltz 

Oberbobrltzsch 


lbs. 

lbs. 

lbs. 

lbs. 

Quantity of guano applied 

379 

411 

411 

616 

1851 

. 




Eye com 

1941 

2693 

1606 

2391 

„ straw . * 

6979 

5951 

4745 

6877 

1862 





Potatoes 

17904 

17821 

19040 

13730 

1853 





Oat com 

2041 

1740 

1188 

1792 

„ straw . 

2873 

2223 

902 

2251 

1854 





Clover .... 

9280 

6146 

1256 

5044 


Increase of produce above the unmanured plot (see p. 190). 




Cunnersdorf 

MKusegast 
(1853, barley 
instead of oats) 

Kbtitz 

OberbobritzBch 

Amount of nitrogen 

in 

lbs. 

lbs. 

lbs. 

lbs. 

the manure 

• 

49-3 

63-4 

63*4 

80-1 

Eye com 

• 

765 

455 

341 

938 

„ straw 


1 3028 

1369 

1 1732 

! 2862 

Potatoes 

• 

1237 

925 

463 

3979 

Oat com 

• 

22 

461 

151 

264 

„ straw 

# 

310 

383 

455 

. 439 

Bed clover . 

• 

136 

608 

161 

4133 


Li Cunnersdorf., thq increase 6f produce obtained in 
1851, #ver the unmanured field, amounted to— 


Corn 

lbs. 

By ferm-yard manure (180 cwt.) . 337 
By guano (379 lbs ) . . . 765 


straw Batio 
lbs. lbs. 


1745=1 : 5 
3028=1 : 3-8 


The field at Cunnersdorf was naturally rich in those 
ingredients which we have designated as Sr (straw) con- 
stituents (^cic acid, potash, lime, magnesia, iron), and 
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the increase of these by the farm-yard manure augmented 
the straw at the expense of the grain crop. * The farm- 
yard manure contained too Kttle of the K (corn) consti- 
tuents (nitrogen, phosphoric acid). 

This explains the powerful action of guano (which 
contains chiefly K constituents) upon this field ; the 
increase of corn by its means was more than double that 
obtained from farm-yard manure, and a more suitable 
proportion was established between the K and S# consti- 
tuents in the ground. 

At Mdusegast the increase of produce obtained in 
1851, above that of the unmanured field, amounted 
to — 

Com Straw Ratio 

lbs. lbs. lbs. 

By farm-yard manure (194 cwt.)" . 345 736 = 1 ; 2*1 

By guano (41 1 lbs.) . . . 455 1369=1:3*0 

This field was richer in K and constituents than the 
Cunnersdorf field, and contained, already, an excess of 
constituents. The K constituents supplied in the guano 
constituted a much smaller fraction of the whole store 
already present in the field than was ’ the case with the 
Cunnersdorf ^ field, and their efiect tended rather to 
increase the produce of straw than that of com. 

The application of guano had the effect of producing 
the same quantity of straw on the Cunnersdorf as on the 
Mausegast field (5951 and 5979 lbs.) ; but the com reaped 
from the latter exceeded that obtained from the former 
by 752 lbs. The Mausegast field was much richer in K 
constituents than the Cunnersdorf field. 

At KoUtz the increase of produce was — 

Com Straw Ratio 

lbs. lbs. Ibe. 

By farm-yard manure (229 cwt.) . 352 1006 =l j 2*$ 

By guano (411 lbs.) . .; . 341 1732=1:5 

The effect of guano upon the straw prodube wtis here* 



268 


GtJANO. 


out of all proportion greater than that of farm-yard 
ihahure, whilst the produce of com was smaller. It is 
quite evident that one constituent acting more powerfully 
ill the direction of the formation of straw was supplied to 
the field in larger proportion in the guario than in the 
farm-yard manure. Experiments with superphosphate 
(excluding ammonia), or with an amnaoniacal salt (exclud- 
ing phosphoric acid), would have shown to which of 
these two elements the difierence in the produce was 
owing. 

At Oberbobritzsch the increase of produce was — 

Corn Straw Hatio 

lbs. lbs. lbs. 

By farm-yard manure (314 cwt.) , 452 913=1 ; 2 

By guano (616 lbs.) . . 938 2812 = 1: 3 

As the quantity of guano used at Oberbobritzsch was 
about 50 per cent, more than in the preceding expe- 
riments, no comparison as to amount can be made 
between the produce of this field and that of the others. 
What is again remarkable here is the similarity of the 
condition of this and the Mausegast field ; on both, farm- 
yard manure gave straw and corn in the proportion of 
1*2 ; guano, in the proportion of 1’3. As regards the 
power of the soluble guano constituents to pass through 
the soil, we find from these experiments the same con- 
ditions existing as with those of farm-yard manure. At 
Cufinersdorf and Kotitz the whole guano constituents 
hardly prpduced any effect upon the clover crop ; whilst 
at MausPgast and Oberbobritzsch a perceptible increase 
was the result. 

Silicic acid, which gives strength and firmness to ^alks 
and leaves, is not one of the ingredients of guano ; hence, 
after manuring with guano, the tendency of the cereals to 
lodge, so much dreaded by agriculturists, is observed on 
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many fields poor in silicic acid, whilst on others abounding 
in this substance it does not occur. On many sods this 
tendency may be cured by dressing with lime before 
applying the guano; and in other cases it maybe les- 
sened by mixing dung made from straw witTi the guano. 

If we calculate the increase in the produce of cereals, 
potatoes, and clover, obtained severally in the years 1851 
to 1854, from 100 lbs. of guano we find 

100 Z6s. of guano gave increase of produce 



Cnimersdorf 

MKnsegast 

Kbfitz 

bberbobritzsch 


lbs. 

lbs. 

lbs. 

lbs. 

1851 and 1853 





Rye and oats 

1088 

646 

354 

731 

1852 





Potatoes . . . 

1854 

826 

225 

112 

646 

Clover .... 

. 36 

172 

39 

670 


These results show that the same quantity of guano has 
an equally dissimilar effect upon different fields as farm- 
yard manure, and that it is quite impossible to draw from 
the crops obtained any inference as to the quality or 
quantity of the manuring agent employed to produce 
them. The field at Mausegast had received the same 
amount of guano as the Kbtitz field, both, accordingly, 
the same quantity of nitrogen and. phosphoric acid ; yet 
in cereals and potatoes the increase of produce was twice • 
as great, and in. clover much greater in the former than 
in the latter. * 

How very little the crops will enable us to draw com- 
parisons between the eifecte of the several constituents of 
one and the same nianuring agent, may be: clej^ly seen 
from the results of the experiments at 0unnersd^k.B4d 
Oberbobritzsch. 
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At Cunnersdorf, 100 lbs. of guano gave an increase of 
produce in cereals, potatoes, and clover, containing — 


Nitrogen 

lbs. 

Fotadi Phosphoric acid Lime 
lbs. lbs. lbs. , 

Increase of produce . 9'2 

16*1 

3*6 

3*6 

The guano contained . 13’0 

2*0 

12*0 

12*0 . 

More in the manure . 3 ‘8 


8*5 

• 

8*4 less in the crops 

Less in the manure . — 

14*1 

— 

— more in the crops 

At Oberbobritzsch, 100 lbs. of 

guano gave an increase of 

produce, containing — 




*■ 

Nitrogen 
lbs. * 

Potash Phosphoric add Lime 
lbs. lbs. lbs. 

Increase of produce . 23*0 

15*6 

6*1 

16*9 .. 

The guano contained. 13*0 

2*0 

12*0 

12*0 

More in the manure . — 


5*9 

— less in the crops 

Less in the manure . 10*0 

13*5 

— 

4*9 more in the crops 


The difference in the effect produced by the guano on 
the two fields is most strikingly exhibited by these tables. 
At Cunnersdorf the produce reaped contained 30 per 
cent, less, at Oberbobritzsch 77 per cent, more nitrogen 
than the manure applied. 
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CHAPTEE Vn. 

POUDEETTE — HUMAN EXCEEMENTS. 

Poudrette, nature of ; small amount of the food of plants in it — Human 
excrement, its value — Construction of the privies in the barracks at 
Raatadt — Calculation of the amount of corn produced by the excrement 
collected j importance to the neighbourhood* — Its effect not impaired by 
deodorising wiih sulphate of iron — The excrement of the i^abitants of 
towns as manure — Its importance. 

P OUDEETTE, sold as manure, should consist simply 
of the desiccated excrements of man made into a 
• transportable form. This is not the c^e, however, as 
most poudrettes contain, in reality, only a comparatively 
small proportion of excrementitious matter. To show 
this, it will suffice to point out that the poudrette of 

Montfaucon, which is one of the best sorts, contains 

* > 

28 per cent., that of Dresden from 43 to 56 per cent., 
that of Frankfort above 50 per cent., of sand. No kind 
of poudrette is ever met with in commerce containing 
more than 3 per cent, of phosphoric acid, and the same 
amount of ammonia. The construction of privies in 
dwelling-houses (at least, in Germany) does not make it 
practicable to keep out the sweepings and other rubbish 
of the house ; besides, when emptying the ^ pits, it is 
often the practice, after taking out the fluid contents, to 
throw into the residuary mass some solid porous body, 
such as brown-coal or turf-dust, to make it drier and 
more convenient for removal. All additions of tbe kind, 
of course, diminish the percentage of efiectiye and 
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available food elements, and increase the costs of transport. 
The privy pits, moreover, are but. rarely water-tight, and 
permit the greater part ♦of the urine and other fluid 
contents to leak away, thus causing the loss of a good 
deal of the most valuable matter, such as the potash 
salts, and the soluble phosphates. The following state- 
ment will show the great value of the excrement of 
man. In the fortress of Eastadt and in the soldiers’ 
barracks in Baden generally, the privies are so con- 
structed that the seats open, through wide funnels, into 
casks fixed upon carts. By this means the whole of the 
excrements, both flui& and solid, are collected without 
the least 15ss. When the casks are full, they are replaced 
by empty ones.* 

The food of the soldier, in Baden, consists chiefly of 
bread, but also of certain daily rations of meat and vege- 
tables. As the body of an adult does not increase in ’ 
weight, it needs no particular calculation to make out 
that the collected excrements must contain the asli-con- 
stituents of the bread, meat, and vegetables, and also the 
whole of the nitrogen of the food. 

To produce a pound of com, the soil has to furnish 
the ash-constituents of that pound of corn ; if we supply 


♦ * The price of a cart is from 100 to 125 florins= 6s. 8d» to j^lO 8s. 4c?. 
It will last about five years. The original outlay incurred by the 
Army administration in Baden, in 1856 and 1857, for the carts and 
cadks amounting to about £370, was speedily repaid out of the proceeds 
of the manure. * 

The collective number of the garrisons of Constance, Freiburg, 
Eastadt, Carlsruhe, Bruchsal, and Mannheim, averages about 8000 men. 
The receipts for manure sold were in 1852,^285 ; in 1853, £315 ; in 
1854, £443; 1825, £400 ; 1856, £668 ; 1857, £668; 1858,55680 ; 
£50 or £60 are to be deducted fix>m these receipts annually for cost 
of maintenance, repair, &c., of the carts, &c. (‘Journ. of -the Agric. 
Soc. of Bavaria,’ April 1860. Page 180.) * 
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these ash-constituents to a suitable field, , the latter will 
thereby be enabled to produce, in a number of years, 
one pound of com more than it would have done 
without this additional supply of ash-constiluents. The 
daily ration of a soldier, in Baden, is 2 lbs. of bread; 
the" excrements of the 8000 men of the difierent garrisons 
contain accordingly, per day, the ash-constituents and the 
nitrogen of 16,000 lbs. of bread, which returned to the 
soil will fully suffice to reproduce the same quantity 
of corn as had been used, in form of flour, to bake 
the 16,000 lbs. of bread. Beckoning 1^ lb. of corn to 
2 lbs. of bread, the excrements of the soldiers in the 
Grand Duchy of Baden give, therefote, annually, the ash- 
constituents required for the production of 43,760 cwts. 
of corn. 

The peasants about Eastadt and the other garrison 
towns, having found out at last by experience the power- 
ful fertilising effect of these excrements . upon their 
fields, now pay for every full cask a certain sum (still 
rising in price every year), which not only has long since 
repaid the original outlay, besides covering the annual 
cost of maintenance, repairs, &c., but actually leaves 
a handsome profit to the department. 

The results brought about in these districts are highly 
interesting. Sandy wastes, more particularly in the 
vicinity of Eastadt and Carlsruhe, have been turned into 
smiling corn-fields of great fertility. Assuming, for the 
sake of illustration, that the peasants had to furnish the 
whole of the corn produced by means of this manure, 
to the military administrations of the several garrison 
towns, there would thus be established a perfect circula- 
tion of these conditions of life, which would provide 
8000 men with bread, year after year, without in the 
least reducing the productiveness of the fields on whioh 

T 
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the corn is grown, because the conditions required for 
the production of com being thus always returned to the 
soil, would continue to circulate and yet always remain 
the same.* 

What is said here about the corn-constituents applies, 
of course, equally to the constituents of meat and vege- 
tables, which, returned to the field, will reproduce as 
much meat* and vegetable matter as has been consumed. 
The same relation that exists between the inhabitants of 
the barracks in Baden and the fields supplying them with 
bread, exists equally between the inhabitants of towns 
and the country around. If -it were practicable to col- 
lect, without the least loss, all the sohd and fluid excre- 
ments of all the inhabitants of towns, and to return to 
each farmer the portion arising from the produce 
originally supplied by him to the town, the productive- 
ness of his land might be maintained almost unimpaired 
for ages to come, and the existing store of mineral 
elements in every fertile field would be amply sufficient 
for the wants of the increasing populations. At any 
rate, that store is, at present, still sufficient to do so, 
although the numfeer of farmers who take care to cover 
by an adequate supply of suitable manures the loss of 
mineral matters sustained by the land in the crops grown 
on it, is but small in proportion to the whole agricul- 
tural population. However, sooner of later, the time 
will come when the deficiency in the store of these 

* When, some years ago, an order was suddenly issued by the 
authorities of tj^e city of Carlsruhe, to deodorise and disinfect the pits 
and cesspools with sulphate of iron, before being emptied, the farmers 
refused at first to pay any longer for the contents, which they argued were 
by this treatment deprived of their fertilising virtue. Experience has 
shown that this is not the case, and the disinfected dung commands as 
high a price now as the article in its pure state did formerly. The dung 
in the privy carts requires no disinfecting. 
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mineral matters will be important enough in the eyes of 
those who are, at present, so void of sense as to beheve 
that the great natural law of restoration does not apply to 
their own fields ; and the sins of the fathers, in this 
respect, will also be visited upon their posterity. In 
matters of this kind, inveterate evil habits are but too 
apt to obscure our better judgment. Even the most 
ignorant peasant is quite aware that the rain falling 
upon his dung-heap washes away a great many silver 
dollars, and that it would be much more profitable to 
him to have on his fields what now poisons the air of his 
house and the streets of his village ; but he looks on un- 
concerned, and leaves matter^o take their course, because 
they have always gone on in the same way. 



CHAPTEE Vin. 


EARTHY PHOSPHATES. 

High agricultural value of phosphates — Phosphates of commerce j selection 
of the hind to be used dependent on the object in view, and on the nature 
of the soil — The rapidity and the duration of the effect of the neutral 
and of the soluble phosphate (superphosphate) of lime — The Saxon 
manuring experiments. 

T he earthy phosphates are among the most important 
agents for restoring the impaired productiveness of 
land ; not that they influence vegetation in a niore marked 
manner than other mineral elements, but because the 
system of cultivation pursued by the corn and flesh pro- 
ducing farmer tends to remove them from the soil in 
larger proportion than other constituents. 

In choosing among the phosphates of commerce, the 
farmer should always keep in view the object which he 
intends to accomphsh, as some sorts will answer better 
for certain purposes than others. 

The so-called superphosphates are commonly phos- 
phates to which a certain quantity of sulphuric acid 
has been added, to convert the insoluble neutral lime 
salt into a soluble acid salt. When mixed with a salt 
of ammonia and a salt of potash, they are often called 
guano or anfinoniacal superphosphates. A good super- 
phosphate generally contains from 10 to 12 per pent, of 
soluble phosphoric acid. On land poor in day and We 
the superphosphates arfe particularly suitable W 
ing tlxij upper layer of the^soil with phosphoric fipM* 
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Their effect upon the produce of potatoes and of cereak 
on such fields is equal to that of Peruvian guano. For 
turnips and rape, which derive advantage from the pre- 
sence of sulphuric acid, they have a special' value. 
On chalky soils, the free phosphoric and sulphuric acids 
are immediately neutralised, by which they are deprived 
of one of their essential properties, viz., their ready 
diffusibihty, which renders them so valuable a manure 
for other soils. 

Among the neutral phosphates bone^ust holds the first 
rank. When bones are exposed, under high pressure, to 
the action of steam, they lose their toughness, and swell 
up into a soft gelatinous mass, which, after drying, may 
be readily ground to a fine powder. In this form it 
spreads, with great rapidity, through the soil ; it dissolves 
in water to a small but perceptible extent, without requir- 
ing the presence of any other solvent. What dissolves, 
under these circumstances, in water, is a combination of 
gelatine with phosphate of lime, which is not decomposed 
by the arable earth, and therefore penetrates deep into 
the ground— a property wanting in the superphosphate. In 
the moist ground, however, the gelatine speedily putrefies, 
being converted into ammonia compounds, and the phos- 
phate of lime is then retained by the arable earth. Bone- 
dust is the agent best adapted to supply phosphate of 
lime to the deeper layers of the arable soil, for which 
purpose the superphosphates are not suitable. Bone- 
earth, or bone-ash, is the name apphed to bones freed, by 
calcination, from the glue or gelatinous part. The animal 
charcoal of sugar refineries belongs to Siis category. 
It must be reduced to the finest powder to render 
it fully available for manuring purposes. To effect 
its more speedy distribution th&ugh the soil, tho pte-' 
sence of a decaying organic substance is aecessaiy to 
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supply the carbonic acid required for its solution in rain 
Water. An excellent way is to mix the powder with 
farm-yard manure and let the mixture ferment. Among 
the phosphates of commerce, the guano coming from the 
Baker and Jarvis Islands are distinguished, before others, 
by their acid reaction and greater solubility. They con- 
tain only a small quantity of an azotised substance, no uric 
acid, and small proportions of nitric, acid, potash, mag- 
nesia, and ammonia The Baker guano contains as much 
as 80 per cent, me Jarvis guano 33 or 34 per cent of 
phosphate of lime; the latter having, besides, 44 per 
cent of gypsum. In difFusibility, these guanos, when 
equally finely powdered, approach nearest to bone-dust : 
their condition also enables the farmer who wishes 
to accelerate their action, to convert them most readily 
into superphosphates (100 parts by weight of Baker 
guano require 20 to 25 per cent, of concentrated,. or 30 
to 40 per cent, of the lead chamber sulphuric acid). 

The infiuence of these neutral phosphates upon the pro- 
duce of a field is generally less marked in the first than 
in the following years, as it takes a certain time to effect 
their diffusion through the soil. The speedier or slower 
manifestation of their action upon a field depends, in a 
great measure, upon the state of fineness of the powder 
to which they have been reduced, the greater or less 
porosity of the soil, the presence in it of decaying mat- 
ters, and careful tillage; but, under any circumstances, 
they require a certain store of soluble silicic acid, and of 
soda and potash in the soil. 

The subjoined table giving the produce obtained, in the 
years 1847-50, by H. Zenker, at IQeinwolmsdorf, in 
Saxony, shows the difference between guano and bone- 
dust as regards rapidity land duration of action. In the 
first year the guano gave the larger produce, which 
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became smaller in each following year ; in the first year 
the crop firom the bone-dust was smaller, but in the suc- 
ceeding years the increase was most remarkable. 



Bone-dnsb (822 Ibg.) 

Gtiano (411 lbs.) 



• 





1847 

lbs. 

lbs. 

lbs. 

lbs. 

Winter com . 

2798 

■ 

4831 

2951 

. 4711 

1848 

Barley .... 

2862 

3510 

2484 

3201 

1849 

Vetches 

1591 

5697 

1095 

4450 

1850 

Winter com . . 

1351 

2768 

732 

.2481 


The 411 lbs. guano contained 53, and the total produce 
271 lbs. of nitrogen, or very nearly five times more. 
The bone-dust contained 37 lbs. of nitrogen, whereas in the 
total produce there were 342 lbs., or nearly nine times more. 
The bone-dust gave in the crops altogether 71 lbs. of 
nitrogen iliore than the guano. Between the quantity of 
nitrogen in the manure and the amount of tlje crops 
reaped, there is, therefore, no connection whatever. 

In the Saxon experiments, the plots manured with 
bone-dust gave the following results : — 

Manuring with hone dust. 



Cunnersdorf 

Kbtitz 

Oberbobritesch 

MEusegast 


lbs. 

lbs. 

lbs. 

lbs. 

Quantity of bone-dust used 

823 

1233 

1644 

892 

1851 

Eye corn 

1399 

1429 

2230 

1982 

• • • 

4167 

3707 

5036 

4365 

. 1852 

Potatoes . / . 

i8250 

19511 

11488 

1948» 

1853 

Oat com . ... 

2346 

1108 

1718 

1404 

1 ) stra^v ... 

3105 

1224 

A 

1969 

1905 

1854 

Clover . . 

10393 

2186 

714f 

6639 ; 

♦ 

* 











280 


EARTHY PHOSPHATES. 


Increase of produce over the unmanured field (see page 190). 



Cmmersdorf 

Ebtitz 

Oberbobritzsch 

i 

MSnsegast 
( 18 r) 8 , barley 
instead o£ oats) 


lbs. 

lbs. 

lbs. 

lbs. 

1851 





Rye com 

227 

165 

777 


„ 8j;raw . 

1216 

. 

694 

2021 

— 

1852 





Potatoes 

1583 

934 

1737 

2587 

1853 





Oat com 

327 

— 

190 

116 

„ straw . 

542 

— 

157 

65 

1854 





Clover .... 

1249 

1091 

6234 

101 


The field at Kotitz got 50 per cent, more bone-dust 
than the Cunnersdorf field ; yet its produce of all the 
crops was lower than that of the latteri The field at 
Oberbobritzsch got, in 1851, twice the quantity of manure 
that was applied to the Cunnersdorf field ; the result 
was, in the first year, an increase of com of 250 per 
cent., and of straw of 66 per cent, more on the former 
than on the latter. In the third year, however, the 
increase of produce of oats, both in grain and straw, 
was considerably larger at Cunnersdorf than at Ober- 
bobritzsch. 

The most curious part of the results is the great difler- 
ence in the increase of the produce of clover on the 
several fields ; from the field at Oberbobritzsch nearly 
six times as much clover was obtained as from that at 
Kbtitz, although the former had received only one-fourth 
more bone-dust than the latter. 

A glance at the table shows that in the experiments at 
Cunnersdorf, Kotitz, and Oberbobritzsch, the quantities 
of bone-dust severally applied as manure were as 
1 : 14 I 2 . A comparison of the increase of produce 
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obtained by bone-earth, just as in the case of guano and 
farm-yard manure, again demonstrates that there is no 
connection Or relation of dependence between the amount 
of manure and the increase of the crops. 


100 Ihs. hone-dust gave increase of produce 
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Nature and composition of ; the diflPusibility of its constituents in the soil 
comparatively great — Its importance as a manunng agent is small - 
The Saxon agricultural experiments with rape-cake — The inferences froi 
thei 

T he residuary mass left by rape-seed after the extrac- 
tion of the fatty oil from it by the press, contains ^ 
large proportion of a matter abounding in nitrogen, 
which is nearly related to the casein in milk. In addi- 
tion to this substance, it contains the same incombustible 
or ash-constituents as the ashes of seeds. The rape-seed 
ash consists of phosphates, and differs but Httle in com- 
position from the ash of the grain of rye ; phosphates oi 
the alkahes and phosphate of magnesia predominate in it. 
There is no great error made in assuming that in 100 lbs. 
of rape-cake a field receives the same amount of the 
incombustible constituents of rye grain as is contained in 
250 to 300 lbs. of the latter. 

The azotised matter in rape-cake powder is shghtly 
soluble in water, but its solubility increases with inci- 
pient putrefaction ; hence the nutritive matters contained 
in it are much more widely diffused in the ground than, 
for instance, the principal ingredients of guano, ammonia, 
and phosphoric acid, which are absorbed, a^ soon as dis- 
solved, by the earth particles that come in contact mth 
them. '\^ereas with rajpe-cake powder this takes place 
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only after its azotised matter has been completely decom- 
posed, :^and its nitrogen ^converted into ammonia. This 
decomposition proceeds, however, pretty fast, and the 
effect of rape-cake makes itself felt, accordingly, in the 
very first year of its application. 

It is owing to this greater diffusibility of its consti- 
tuents in the earth that rape-cake appears to exercise a 
somewhat more powerful effect upon vegetation than guano, 
for instance, with an equal amount of phosphoric acid. 

However, rape-cake holds no very important rank as a 
manure, simply because very few agriculturists are in a 
position to procure any considerable quantity of it for 
manuring purposes. Besides, when its great value as an 
article of food for cattle shall be more universally known 
and acknowledged, the increasing price will restrict, still 
more, its use as a manuring agent ; the more so since the 
excrements of animals fed upon rape-cake contain the 
principal bulk of the constituents to which is due its 
efficacy as a fertilising agent. 

The following results were obtained, in the Saxon expe- 
riments, by manuring with ground rape-cake : — 




Cunnersdorf 

M^nscgtut 

•Kbtitz 

Oberbobritzsoh 



lbs. ^ 

lbs. 

lbs. 

Iba. 

Manure 

• 

1614 

1856 

1849 

3288 

1861 




" » 


Rye com 

• 

1868 

2646 

1678 

1946 

„ straw . 

• 

6699 

6998 

4218 

4476 

1862 






Potatoes 

• 

17374 

18997 

19166 

10442 

1863 



barley 



Qat com . . 

• 

2062 

1619 

1408 

1617 

„ straw . 

• 

2768 

2298 

1660 

1939 

1864 






Cloter . . 

• 

9143 

6669 

981 

2tOA: 
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Increase of produce over the unmanured field (see p. 190). 



Ounnersdort 

M&usegast 

Ebtitz 

' 

Oberbobrltzsch 


lbs. 

lbs. 

lbs. 

lbs. 

Amount of nitrogen in 
manure 

78-9 

88-8 

89 

167'8 

1851 

Rye com 

692 

407 

314’ 

493 

„ straw . . . 

2748 

1416 

1205 

1460 

1862 

Potatoes . . . 

707 

2101 

588 

691 

1853 

Oat com 

33 

330 

69 


„ straw ... 

205 

458 

193 

127 

1854 





Clover-hay . 

— 

1121 

• 

~ 

1194 


Here, again, we see, as in the case of farm-yard 
manure, guano, and bone-dust, that on no one field did 
the effect of the rape-cake bear any visible proportion or 
relation to the quantity used. 


1000 Ihs. of ground rape^cake gave increase of produce 



Cuimersdorf 

Miiusegast 

Ebtltz 

Oberbobiitzach 


lbs. 

lbs. 

lbs. 

lbs. 

1851 





Bye com and straw 

2130. 

989 

820 

594 

1853 





Oat com and straw 

147 

424 

141 

39 

1852 





Potatoes 

438 

1132 

318 

210 

1854 

Clover-hay . 

. 

604 

— 

^32 


These experiments are interesting in reference to the 
effect of the nitrogen supplied in the manure. A com- 
parison of the increase of . produce obtained at Ober- 
bobritzsch, severally by guano and ground rape-cake, 
gives the following result in this respect v — 
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Oberbohritzsch. 

611 lbs. goano 8288 lbs. ground rape cake 
as80 lbs. nitrogen ssl67'8 lbs nitrogen 
and 74 lbs. and 39*6 lbs. 

phosphoric add phosphoric add 


1851 and 1858. Rye and oats . 

4603 lbs. 

2069 lbs. 

1852. Potatoes . . . 

8979 „ 

691 „ 

1854. Clover-hay . 

4183 „ 

1194 „ 

The one field at Oberbohritzsch received in 

the ground 

rape-cake nearly double the quantity of nitrogen that the 

other got in the guano, and the difference in 
of the two is in the highest degree strikuig. 

the produce 

In the two experiments — 

In the 

In the 


guano 

rape-cake 

The nitrogen in the manures was as 
In the produce it was : 

1 

2 

„ cereals, as . • . 

2 

; 1 

„ potatoes, as . . ; 

5-7 

: 1 

„ clover, as ... 

3-4 

: 1 


The effect of the nitrogen in the guano was, accordingly, 
in the cereals four times, in the potatoes twelve times, 
and in the clover seven times, greater than that of the 
nitrogen in the rape-cake. 

Upon comparing the increase of produce with the 
amount of phosphoric acid in the two manures, we find 
that this increase appears to bear some proportion, though 
yet by no means a definite one, to the amount of phos- 
phoric acid severally contained in them. 

The general results of the experiments made, in a four 
years’ rotation, on four different fields at Cunnersdorf, 
Mausegast, Kdtitz, and Oberbohritzsch, may be summed 
up as follows : — 

The 48 harvests from the unmanured plots and from 
those manured severally with bone-dust, guano, arid 
ground rape-cake, gave in rye grain and straw, in potatoeSr 
in oats grain and straw, and in clover, by manurmg,3yith^ 
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Total amount of nitrogen in crops . 

Bone-dust 

lbs. 

1170 , 

Guano 

lbs. 

1139 

Ground rape-cake 
lbs. 

1046 

Total amount of nitrogen in crops 
from unmanured plots 

910 , 

910 

910 

Increase of nitrogen over the un- 




manured plots 

260 

229 

136 

The manure contained nitrogen . 

207 

m 

416 

More than in manure . 

63' 

less 7 

less 279 


The manure poorest in nitrogen (the bone-dust) 
thus actually gave the highest, and the one richest in 
nitrogen (the rape-cake) the lowest, amount of that 
element in the produce. 

To 100 lbs. nitrogen in the manure, there was obtained 
of that element in the increased produce — 

By bone-dust . . . . . .126 lbs. 

„ guano . . . . . . . 97 „ 

„ rape cake » 


The amount of phosphoric acid in the crops was 
from — 



Bone-dust 

Guano 

Ground rape-cako 

Unmanurcd 


lbs. 

lbs. 

lbs. 

lbs. 

Phosphoric acid 

361 

362 

338 

292 

The manure contained 

1102 

288^ 

86 

— 

The fields gained 

741 




The fields lost . 


74 

262 

292 
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GHAPTEE X. 

WOOD-ASH. 

S' 

The amount of the food of plants in it — Box-wood ash gives only the half 
of its potash i^adily to water — Convenience in mixing wood-ash with 
earth before applying it — Lixiviated ash; its value — Proper mode of 
applying ashes as a manure. 

I T has already been stated that the proportion of potash 
is very diss imil ar in different wood ashes ; those 
from hard wood being generally richer in that substance 
than those from soft wood. The ash of beech-wood 
gives up to water the one-half of the potash in it, in the 
form of carbonate of potash, the other half remaining in 
combination with carbonate of hme, in ft compound which 
is only very slowly decomposed by cold water. The ash 
of pine-wood generafly contains, like tobacco ash, a 
larger proportion of lime, so that cold water often seems 
to fail altogether in dissolving any carbonate of potash 
out of it. However, the continued action of water suc- 
ceeds always in gradually extracting from all these ashes 
the whole of the potash ; and since they can be easily 
ploughed deeply in, they are suited better than aU other 
potash compounds to enrich with that alkali the deeper 
layers of the arable soil. With wood-ashes that part 
readily with their potash to water, it will be found useful 
to mix the ash, before applying it, with an earth that 
absorbs potash, adding so much of the latter that water 
poured upon the mixture will no longer turn reddened 
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litmus-paper blue. This operation of mixing can best 
be performed on the field itself. 

Wood-ash which has been extracted with water, such, 
for instance, as the residue left in the preparation of 
potash, possesses for many fields a high value as a ma- 
nuring agent, not only on account of the potash always 
present in it, but also of the phosphate of lime and soluble 
silicic acid it contains. 

As the upper layers of our corn-fields contain alrea(^ 
naturally an excess of potash, in proportion to the other 
food elements, ash-manuring, when confined to the 
surface soil, rarely exercises a lasting efiect ; but where 
the ash is carried down to the proper depth, it affords an 
excellent means of obtaining permanent crops of clover, 
turnips, or even potatoes. Intelligent manufacturers of 
beetroot sugar use with great success the residuary 
matter from the distillation of their molasses, which con- 
tains all the potash-salts of the beetroot, for manuring 
their fields, to restore to them the potash removed in the 
beetroot-crops. 
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CHAPTEE XL 

AMMONIA AND NITRIC ACID. 

Source of the nitrogen of plants — Amount of ammonia and nitric acid in 
rain and dew : Bineaii, Boussingault^ Knop — Quantity of ammonia in the 
air — Quantity of nitrogenous food brought to the soil yearly by rain and 
dewj more present in the soil than is removed by the crops — The 
general reason for decrease of productive power in soils — Classification 
of manures according to the amount of nitrogen; assimilable and spar- 
ingly assimilable nitrogen ; the nitrogen theory ; only ammonia according 
to this theory is wanting ; resemblance to the humus theory — Manuring 
experiments with compounds of ammonia by Schattenmann, by Lawes 
and Gilbert, by the Agricultural Union of Munich, and by Kuhlmann — 
The efficacy of a manure is not in proportion to its amount of nitrogen : 
experiments — Large amount of nitrogen in soils ; the experiments of 
Schmid and Pierre ; the arable surface soil contains most nitrogen — 
Form of the ammonia in the soil ; Mayer’s experiments — Comportment 
of soil and farm-yard manure with the alkalies — The ineflective nitrogen 
of the soil made effective by the supply of ash-constituents th,at are 
wanting — Progress in agriculture impossible if dependent on a supply 
of ammoniacal compounds; results of Lawes’ experiments with salts of 
ammonia — The artificial supply of ammoincal manures contrasted with 
the crops produced and thlj^increase of population — Increase of nitro- 
genous food by natural means ; formation of nitrite of ammonia by oxi- 
dation in the air according to Schonbeim — Supply of food in excess neces- 
sary to produce corn-crops ; reasons — How the necessary excess of nitro- 
genous food for com may be obtained from natimd sources — The supply 
of nitrogen in farm-yard manure in the Saxon experiments coiTesponded 
to the crop of clover-hay — Loss of nitrogen in lime soils by oxidation ; 
utility of a supply of nitrogen to such soils — Effect of nitrogenous food 
on the aspect of young plants ; on potatoes — Empirical and rational 
systems of agriculture. 

F EOM the results of a scries of most careful observa- 
tions extending over a number of years' made by 
Bineau in different parts of France on the amount of 
ammonia and nitric acid in rain water, it appears that 
there fell annually upon the area of a hectare (=2i acres) 
27 kilogrammes (=59 lbs.) of amiionia(=22kilo.=481bs. 

u 



290 


AMMONIA AND NITRIC ACID. 


nitrogen), and 34 kilogrammes (=75 lbs.) of nitric acid 
(=5 kilo. =11 lbs. nitrogen) ; altogether, therefore, 
27 kilo, or 54 Zollv. lbs. (=59 lbs. Eng.) of nitrogen. 

For an English acre this makes 21-9 Zollv. lbs. 
(—24 lbs. Eng.), and for a Saxon acre 30 Zollv. lbs. 
These numbers nearly coincide with the observations of 
Eoiissingault and Knop. 

The yearly average quantity of rain falling in various 
districts, according to the position and elevation of the 
localities, is very unequal ; and investigations have shown 
that the amount of ammonia and nitric acid contained in 
rain-water bears an inverse proportion to the quantity of 
rain. In districts where the rain falls more seldom or 
less in quantity, tlie water is richer in these constituents 
than in more rainy districts. According to Boussingault, 
dew is richest in ammonia ; according to Knop, not 
richer than rain-water. (Sec his valuable memoir in the 
8 hefteder ‘Landw. Versuchstat. in Sachsen.’) But plants 
receive ammonia and nitric acid not merely by means of 
rain-water derived from the ground and in dew, but also 
directly from the atmosphere. The experiments of 
Boussingault (‘ Aimal. de Chem. Wt de Phys.,’ 3 ser. t. liii.) 
leave no doubt whatever with regard to the constant 
presence of ammonia in the air. In a kilogramme of 
the following substances heated to redness, he found 
these quantities of ammonia, after three days’ exposure 
to the air upon porcelain plates ; — 

In 1 kilo, quartz-sand . . O'GO milligr. ammonia 

„ 1 „ bonc-ush . . 0'47 „ 

„ 1 „ charcoal . . . 2‘0 ,, 

* 

Although we can estimate with tolerable certainty the 
quantity of ammonia and nitric acid which a field 
aniiuaily receives in rain-water, yet the determination 
of the same in the de|7 which moistens plants' is not 
practicable. Just as little can we discover how much 



AMMONIA CONVEYED IN EAIN AND DEW. 


291 


ammonia or nitric acid is received by plants directly from 
the air, simultaneously with carbonic acid. 

In the elevated plateaus of Central America, where it 
scarcely ever rains, the cultivated and wild plants receive 
their nitrogenous food only from the dew or directly 
from the air ; and we may assume, without risk of error, 
that the plants which grow in the cultivated fields of 
Europe have as much ammonia and nitric acid furnished 
to them by the air and the dew, as is conveyed to them 
in rain-wg-ter. A sandy plain, where no plants grow, 
receives from the rain as much ammonia and nitric acid 
as a cultivated field ; but the latter derives a greater 
quantity through the plants, and more from the leafy 
plants, than from those which are poor in leaves. Let 
us assume that in the Saxon experiments the cereal 
plants, potatoes, and clover, raised upon the unmanured 
land, derived the whole of their nitrogen from the 
ground, and that nitrogenous food had not been received 
either from the air or from the dew ; then the profit and 
loss of the field in nitrogenous’ nutriment (according to 
the assumptions made d. 228, that jL of tlie nitrogenous 
constituents in clovei^and potatoes were carried off in 
the form of cattle), may be thus represented : — 


Thejield at Cumiersdorf. 




rrocliiced 

Lost by 

Gained by 



altogether 

crop sold 

rain 



Nitrogen 

Nitrogen 

Nitrogen 

1851 

lbs. 

lbs. 

i 

lbs. 

lbs. 

Eye corn 

1176 

22-4 

22-4 

1 

„ straw . 

2951 

10-6 

— 


1852 





Potatoes 

16667 

69-8 

6-9 


1853 





Oat corn 

2019 i 

30-9 

300 


„ straw . 

2563 

6-6 

— 


1854 





Clover-hay . 

9144 

202-1 

20-2 



« 


79-6 

120 

At the beginning of the ; 

fifth year the fielikwas therefore richer, 


in nitrogen, by 

• 

• • 

• 

40-5 
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The field at M&usegasU 





Lost by crop sold 
Nitrogen 

Gained by rain 
Nitrogen 

Rye . 

1851 

• • • • 

• • 

lbs. 

42-7 

lbs. 

Potatoes 

1852 

• • • • 

• • 

7 


Barley 

1853 

• • • • 

• • 

22-2 


Clover-hay , 

1854 

• • • « 

• • 

12*2 


In 1 855 the field 

was richer in nitrogen by 

841 

• • 

‘ ' 120 

35-9 


It is hardly necessary to carry this calculation any 
further ; for all give the same result, viz. that even on the 
most unfavourable supposition, a field receives back, by 
the rain alone, actually more, certainly not less, nitrogenous 
nutriment, than it loses in the ordinary ^course of agri- 
culture. 

This fact may well justify the assertion that a fiirmer 
need trouble himself as little about a compensating 
supply of nitrogen, as of carbon. Botli are, in fiict, 
originally constituents of the air, or capable of again 
becoming air constituents, and arc in the circulation of 
life inseparable from one another. 

From the presence of ammonia and nitric acid in rain- 
water we are led to infer that a source of nitrogen exists, 
which witliout the aid of man, supplies plants with tliis 
necessary nutriment. With regard to the other nutritive 
substances, such as phosphoric acid and potash, which of 
themselves are not moveable, this restoration from natural 
sources does not 6xist. Hence, we might have supposed, 
that when inquiry was made as to the causes which, in 
consequence of cultivation, dim^sh the productive power 
of land, the reason of sich decrease would first and 
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chiefly have been sought in those nutritive substances 
which are of themselves immovable, and not in those 
which possess the power of circulation ; especially when 
^it was ascertained that part at least of the latter sponta- 
neously came back to the field every year. But at every 
stage in the developement of a science, preconceived 
ideas will for a time assert their sway ; and such is thS 
case with those notions which ascribe to nitrogen a pre- 
eminent importance in the cultivation of land. 

In the consideration of a natural phenomenon, and in 
the investigation of its- causes, we cannot tell at first 
whether it be simple or compound ; whether it be due to 
one or to several causes ; hence we are led to attribute 
the results to those alone which are first discovered in ope- 
ration. No long time ago, people believed that all the con- 
ditions of growth lay in the seed alone ; then they found 
that water^ and next that the air^ had a very decided 
influence; bye-and-bye they ascribed to certain organic 
remains in the ground^ a most important part in tlie 
fertility of the soil. When at length tliey discovered 
that, among all the substances used for manure, the 
excrements of animals and tJie parts and constituents of 
animals, surpassed all the rest in operative power ; when, 
too, chemical analysis had shown that nitrogen was the 
chief element in these substances, it is not surprising 
that nitrogen was then esteemed the sole, and afterwards 
the principal, agent in manure. 

This process of reasoning is in accordance with natui^, 
and cannot be found fault with. At that time, it was not 
known that the ash constituents of plants, potash, lime, 
and phosphoric acid, play as important a part as nitrogen 
in the vital processes of plants ; nay, not even an idea 
had been formed of the nj^nner in which the nitrogen of 
nitrogenous compounds operates. Men simply held by 
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the fact that horn, claws, blood, bones, urine, the solid 
excrements of animals and men, exerted a favourable 
influence ; while woody substances, sawdust and similar 
materials, had no effect, or as good as none. If in the ont^ 
case tlie presence of nitrogen was the reason of activity, 
so in the otlier case the want of nitrogen caused the want 
bf activity ; in short, by the operation of nitrogen all 
facts seemed to be harmonised and explained. 

If the nitrogenous manures depended for their activity 
upon the nitrogen which they contained, it followed 
necessarily that all of them could not possess the same 
value for the farmer, because tliey did not all contain the 
same amount of nitrogen ; those which had more of this 
substance were manifestly more valuable than those which 
had less. The amount of nitroge!i was easily detenniiied 
by chemical analysis ; hence arose the idea to draw up 
for the benefit of farmers a list of manures with a figure 
attached to each showing its relative value ; those which 
were most abundant in nitrogen were considered tlie 
most valuable, and stood highest in the list. 

In this valuation no importance was attached to the 
form wliicli nitrogen assumed in the various manures, and 
just as little to the substances which were present along 
with the nitrogenous compound. In this list it was quite 
immaterial wliether the nitrogenous combination was in 
the form of gelatine, horn, or albumen ; or whether these 
substances were or were not accompanied by earthy or 
a^kahne phosphates. Dried blood, claws, horn shavings, 
woollen rags, bones, rape-cake meal, all figured in one and 
the same list. 

As no definite combination ^was understood by the 
word ‘nitrogen,’ it was impossible to prove that the 
operation of nitrogenous manges bore any proportion to 
the amount of nitrogen which they contained. 
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The introduction and application of Peruvian guano and 
nitrate of soda afforded the so-called nitrogen theory 
a foundation to rest upon ; no manure could be corn- 
jiared with guano for abundance of nitrogen, while it 
surpassed all others in the rapidity and strength of its 
action. The powerful effect produced by it coincided 
entirely with the nitrogen tlieory ; it corresponded with" 
the high amount of nitrogen in the manure, and chemiail 
analysis furnished satisfactory conclusions with regard to 
the rapidity of its action. The fact thai tlie influence of 
guano in increasing the crops was generally more I'apid 
than that of other manures containing an equal amount 
of nitrogen, made it evident that some one of its consti- 
tuents possessed a peculiar power which was not present 
in the other manures ; and this constituent was supposed 
to be more conducive than other nitrogenous compounds 
to the growth of plants. 

The discovery of this constituent presented no difficulty. 
Chemical analysis showed that Peruvian guano was very 
rich in salts of ammonia, and that one-half of its nitro- 
gen existed in the form of ammonia. But ammonia was 
already well known *5(8 an element of nutrition for plants, 
and this afforded an easy solution of the rapidity which 
marked the operation of guano. Peruvian guano accord- 
ingly contained in a concentrated state in the ammonia 
one of the most important nutritive substances for plants, 
and this nutriment when dispersed in the soil could be 
dii’ectly assimilated by their roots. 

From this time forward a di^nction was drawn be- 
tween the various kinds of nitrogenous manures, and 
‘ assimilable ’ nitrogen was discriminated from that which 
was termed ‘ sparingly assimilable.’ Assimilable nitrogen 
was understood to mean ammonia and nitric acid ; but 
the term ‘hard of assimilation’ was applied to other 
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nitrogenous substances, which could not be made effective 
until their nitrogen had been converted into ammonia. 

The effect of guano in raising large crops of com was 
undeniable ; hence it was according to theory assumed as 
incontestable, that its operation depended upon the 
amount of nitrogen contained in it ; it was further 
considered as certain, that ammonia was the most effective 
portion of the nitrogen in guano. It followed, therefore, 
as a matter of course, that tlie operation of guano could 
be produced by substituting a corresponding quantity of 
salts of ammonia ; and the partisans of this theory 
believed that to increase corn crops at pleasure, nothing 
further was necessary than to procure the requisite quan- 
tity of salts of ammonia at a reasonable price. Humus is 
the only thing wanting; such was the earlier opinion. 
Now, it is ammonia is the only thing wanting. 

This conclusion was an immense step in advance as 
regards the views of the importance of nitrogen for 
plants. Instead of attaching no determinate idea to the 
word ‘ nitrogen,’ the term had now a fixed and definite 
meaning. That whicli formerly was called nitrogen was 
now termed ‘ ammonia,’ an intelligible, ponderable com- 
pound separable from all other substances which are 
likewise constituents of nitrogenous manures, and capa- 
ble of being used in experiments, in order to test the 
truth of the theory itself. 

If the operation of guano bore any proportion to its 
nitrogen, then a quantity of ammonia containing an equal 
amount of nitrogen milBt produce not only the same, but 
a much greater effect ; for one-half of the nitrogen in 
guano exists in the form which is difficult of assimilation, 
wliereas the ammonia could be entirely assimilated. 

If in any single experiment, the guano produced a 
powerful effect, and the corresponding quantity of am- 
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monia was inoperative or weaker, this experiment would 
be amply sufficient to confute the notion which had 
been attached to nitrogen. For if this notion was cor- 
rect, the ammonia ought to operate in all cases in which 
the guano operated, and exactly in the •same manner. 
The oldest experiments in this direction were made by 
Schattenmann (‘Compt. rend.’ t. xvii.). 

He manured ten plots of a large wheat-field with sal 
ammoniac and sulphate of ammonia; an equally large 
plot remained unmanured. Of the manured plots, one 
received 162 kilogrammes (=356 lbs. Eng.) per acre ; the 
others received the double, treble, and quadruple quantity 
of each of these salts. 

The salts of ammonia (says Schattenmann, p. 1130) 
appear to exert a remarkable influence upon wheat ; for, 
only eight days after manuring, the plant assumed a deep 
dark-green colour, the sure sign of high vegetative power. 

The returns obtained by manuring with the salts of 
ammonia were the following : — 


Muriate of ammonia employed 

Crop 

Corn 

Straw 

Less 

Corn 

More 

Straw 








kilo. lbs. 

kilo. lbs. 

kilo. cwt. 

kilo. cwt. 

kilo. cwt. 

kilo. cwt. 

(1) 1 acre . none 


1182=23 

2867=56 



^ 1 . I(i2= 356 


1138=22 

3217 = 63 

44=0-8 

348=6-8 

HI) 4 „ . 324= 712 

324= 712*^ 





486=1060 

486=1069 C 

878=17 

3171=62 

304=6-0 

314=6-0 

Average of the four • . J 





Sulphate of ammonia employed 











kilo. 

kilo. 





(4) 1 acre . . 162 


1174=23 

3078=60 

8=0-15 

211=4-0 

(5) 4 „ . 824 

32i'\ 





486 

486 r 

903=18 

324?=63 

279=5-3 

381 = 7-6 

Average of the four . . ) 






It Is easy to see that the expectations which had been 
founded upon the deep dark-green colour were not 
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realised. The salts of ammonia were so far from exerting 
any influence in augmenting the corn-crop, that they 
diminished it in every experiment. In the crop of straw 
there was a small increase. 

In these cai^s the salts of ammonia had not enlarged 
the corn crop, but had produced the opposite effect from 
guano, by which corn crops are generally augmented. 

These experiments cannot, however, be regarded as 
decisive proofs against the view of the action of ammonia, 
because a comparative experiment with guano was not 
made at the same time and place. It is not impossible, 
that upon this particular field guano might have produced 
the same results. Some years later, Lawes and Gilbert 
published a series of investigations, which seemed to 
establish the operative power of ammonia, or rather of 
salts of ammonia. These investigations were intended to 
show, that the incombustible nutritive substances of wheat 
were not, of themselves, sufficient to enhance the fertility 
of a field, but that the crop of corn and straw stood 
rather in proportion to the supply of ammonia. In fact, 
that increased cro2)s could be obtained by salts of am- 
monia alone, inasmuch as nitrogenous manures were pecu- 
liarly adapted for the cultivation of wheat. 

The experiments of Messrs. Lawes and Gilbert are very 
far, indeed, from proving the conclusions which they w^ 
to draw; they establish rather the fact that these gentle- 
men have not the slightest notion of what is meant by 
argument or proof. 

They did not attempt to discover whether salts of 
ammonia alone coul(i produce from one portion of a field 
continuous larger crops than were yielded by an un- 
manured portion of the same field. 

Neither did they attempt to discover what crops would 
be yielded by an equal plot of ground by manuring with 
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superphosphate and potash salts during a series of years. 
But in the first year they supplied a plot of ground 
for a whole series of years with the constituents of 
corn and straw, phosphoric acid and silicate of potash 
(560 lbs. of bone-earth rendered soluble by sulphuric 
acid, and 220 lbs. of silicate of potash), and manured 
it, in the following years, with salts of ammonia only, 
and they would have us to believe that the increased 
crops obtained under these circumstances were due to the 
operation of salts of ammonia alone ! 

The imperfect nature of the experiments made by 
Messrs. Lawes and Gilbert will appear, perhaps, more strik- 
ing, if the question which they pretend to solve is stated 
in another form. We will assume that the point to be 
pr(5ved was, that the high additional crops, yielded by a 
wheat field manured with guano, were due to the operation 
of the salts of ammonia in the guano, and that its other 
constituents had no share in the work. If the guano had 
been lixiviated with water, and two portions of a field 
had been manured, the one with guano, the other with 
the soluble constituents of an equal quantity of guano, 
only two cases could occur ; the crop of both plots would 
be either equal or unequal. If the crops were equal, it 
would be manifest that the insoluble constituents of the 
gj^ano had no effect : if the crop upon the plot manured 
with guano was greater, it would be certain that the 
insoluble constituents (mineral constituents, as Messrs. 
Lawes and Gilbert would term them) had some share in 
producing the additional crop. The extent of this share 
could perhaps be determined, if a third plot were 
manured with the insoluble constituents, i. e. with the 
lixiviated residue of an equal quantity of guano. 

If *an experimentalist, in carrying out his proof, in- 
stead of following this method, had, on the contrary, 
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lixiviated the guano, and manured a plot of ground in the 
first year with the insoluble constituents of the guano, and 
in the subsequent years, with the soluble constituents — and 
if he had maintained that these soluble constituents, in 
other words, the salts of ammonia in the guano, had alone 
produced the high additional crops, and that these bore a 
proportion rather to the salts of ammonia than to the 
incombustible constituents in the guano, we should have 
good grounds for concluding that he had simply deceived 
himself ; for, in point of fact, the lield had been manured, 
not with salts of ammonia alone, but with all the consti- 
tuents of the guano. 

What has here been said in reference to guano, 
which, as before mentioned, has tlie same effect as a 
mixture of superphosphate, potash, and salts of ammonia, 
may be literally applied to the experiments of Lawes and 
Gilbert. 

TJiey manured their field, in the first year, with a quan- 
tity of soluble phosplioric acid, lime, and potash, which 
very nearly corresponds with, the amount of these sub- 
stances in 2750 lbs. of guano; and in the subsequent 
years they applied salts of ammonia. The arable surface 
soil of the field had, by previous cultivation, been mani- 
festly exhausted of nitrogenous food; and, under these 
circumstances, the only wonder would have been if tjj^e 
nutritive substances which operate in guano had been 
able, without ammonia, to yield as large a crop as 
with ammonia. 

These experiments are worth noGce in the history of 
agriculture, because they show what statements could be 
laid before farmers, at a time when ignorance of first 
principles did not yet permit scientific criticism. 

With regard to the influence of ammonia and salts of 
ammonia, there was instituted in the years 1857 and 
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1858, on the part of the Gfeneral Committee of the Agri- 
cultural Society of Bavaria, a series of comparative expe- 
riments in the district of Bogenhausen, as to the opera- 
tion of guano, and various salts of ammonia containing 
an equal amount of nitrogen, the results of which are 
decisive. 

The experiments were conducted upon a field (a loam) 
which had gone through the usual rotation, and which, 
with ordinary farm-yard manure, had borne rye and then 
oats twice successively. Of eighteen plots in this field, 
each 1914 square feet in area, four were manured with 
salts of ammonia, and one with guano, one plot remained 
uiimanured. 

As a starting point for estimating the quantity of 
manure to be employed, it was assumed that 400 lbs. 
of ^ano per acre English (= 493 lbs. avoir.) correspond 
to the ,full measure of farm-yard manure usually 
applied. According to this proportion, 20 lbs. ( = 
24| lbs. avoir.) of guano were reckoned R)r the area in 
question. 

The samples of good Peruvian guano selected were 
previously analysed, and in 100 parts a quantity of 
nitrogen was found corresponding to 15*39 of ammonia. 
As a general rule, only one-half of the nitrogen in guano 
is present as ammonia ; the other half appears as uric 
acid, guanine, &c., of the operation of which upon the 
growth of plants little or nothing, as we have before 
observed, is known. But it was assumed that the nitrogen 
in these other substances was just as operative as that in 
the ammonia, and the quantum of the various salts of 
ammonia (which were likewise analysed previously to 
ascertain exactly their amount of ammonia) was reckoned 
in accordance with this assumption. Accordingly, for the 
above 20 lbs. of guano, 1719 grammes (=3*75 lbs.) of 
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ammonia were computed as the equivalent ; and each 
of the other four plots received exactly the same quantity 
of ammonia, in the salt of ammonia employed for manure. 

It is clear that if an increased crop was obtained by 
means of the guano, and if this was due to the amount of 
its nitrogen, then each of the other four plots, having 
received the sctme quantity of nitrogen^ must necessarily 
be affected in exactly the same manner as if they, also, 
had been manured with 20 lbs. of the same guano. The 
results were as follow : — 

Comparative experiments at Bogenhausen with guano and salts of 
ammonia containing equal quantities of nitrogen. 

Habvbst, 1857. — Barley. 


* 

Grain 

Straw 

grammes lbs. 

grammes 

grammes 

Manured witli 5880 = 13 carbonate of ammonia 

. 6335 

16205 

„ 4200= 9 nitrate . „ 

. 8470 

16|[^ 

„ 6720 = 14f phosphate „ 

. 7280 

17920 

„ 6720 = 14| sulphate „ 

. 6912 , 

18287 

„ 20 lbs. = 24| av. guano 

. ,17200 

33320 

Unmanured 

. 6825 

18375 


Although each of the four plots had received the same 
quantity of nitrogen, still their ^respective crops did not 
correspond; on the whole, the crop from the plots 
manured with salts of ammonia, corn and straw together, 
was in each case very little higher than that of the un- 
manured plot; while the plot manured with guano 
yielded, for the same quantity of nitrogen, times more 
corn, and 80 per cent, more straw, than the average crop 
of the plots manured with salts of ammonia. 

In the subsequent year, this experiment was repeated 
in a similar manner in the same district with winter wheat. 
The field chosen, and to which six 'years previously farm- 
yard manure had been applied, had borne winter rye, 
then clover, and then oats, for three years. The oat 
stubble was broken up and then twice ploughed : on the 
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12th September, 1857, 'the seed was sown and harrowed 
in, on one day : immediately after the sowing there was a 
moderate thunder shower. 

The field was divided into seventeen lots, each of 1900 
square feet, which were separated from each other by 
furrows ; each was separately sown and harrowed. The 
quantity of guano used was 18*8 lbs. (=i23*3 lbs. avoir.), 
and the weight of the salts of ammonia employed was 
calculated from the amount of nitrogen in the guano, so 
that, as in the previous experiment, each plot received an 
exactly equal amount of nitrogen. The results were the 
following : — 

Experiment m Bogenhausen. 

Result of Harvest, 1858, — Winter-wheat, 


Manured with giiano, yielded . 

• • • 

Com 

grammes 

32986 

Straw 

grammes 

79160 


sulphate of ammonia 

(11*8 llis. Bav.) 

19600 

41440 


phosphate „ 

(11-9 „ „ ) 

21520 

38940 


carbonate „ 

(10-6 ) 

25040 

57860 


nitrate „ 

( 7-1 „ „ ) 

.27090 

65100 

Unmanured 

« • • • 

# • • 

18100 

32986 


These experiments show in the clearest manner that it 
is an error to refer the effect of a powerful nitrogenous 
manure chiefly to the nitrogen which it contains. No 
doubt it has a share in the operation of these manures, 
but their energy is not in proportion to the amount of 
nitrogen in them. 

If ammonia or salts of ammonia increase the produce 
of a field, their effect depends upon the nature of the soil. 
What we mean here by the nature of the soil is under- 
stood by every one ; the ammonia can engender in the 
soil no potash, no phosphoric acid, no silicic acid, no lime ; 
and if these substances, which are indispensable for the 
developement of the wheat plant, are not found in the 
soil, the ammonia cannot produce any effect whatever. 
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If, then, in Schattenmami’s experiments, and those at 
Bogenhausen, there were no results from the salts of am- 
monia, this did not arise from the fact of these salts being 
in themselves ineffective ; but they were inactive, because 
the conditions of their activity were wanting. Lawes 
and Gilbert suppHed these conditions to their field, and 
lienee ensured activity to the ammoniacal salts they used. 

The results obtained by Kuhlmann respecting the effect 
of salts of ammonia upon meadows are precisely similar. 
He manured a piece of meadow land with sulphate of 
ammonia, and obtained a crop of hay larger than the 
yield of the unmanured plot, because a certain quantity 
of phosphoric acid, potash, &c. was rendered active, 
wliich without the cooperation of salts of ammonia would 
not have been the case. On adding phosphate of lime to 
the salts of ammonia, the activity of the latter nvas 
enhanced in an extraordinary degree ; he obtained, — 

Return of hay^ per hectare, 1844 . 

Excess aboA’c the 
unmaiiured plot 

kilo. kilo. kilo. 

(1) By manuring with 250 sulphate of ammonia . . 6564 1744 

(2) „ „ 333 sal ammoniac, with phosphate 

of lime ........ 9906 6086 

(3) Unmanured plot 3820 — 

* 

Thus, by sulphate of ammonia alone, Kuhlmann ob- 
tained rather more than half as much hay again as the 
yield of the unmanured plot ; and by adding phosphate 
of lime he gained almost three times as much. 

Those who maintained the theory of the special im- 
portance to agriculture of nitrogen in manure, formed a 
similar notion about the cause of fertihty in land. 

If, in fact, the efficacy of any manure depended on the 
enrichment of the soil with nitrogen, exhaustion could be 
explained only by the diminution of the store of. nitrogen ; 
and the manure would restore fertihty when the nitrogen 
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wliich had been removed in the harvest was again 
supplied by it to the field. Accordingly, the unequal 
fertility of land must be due to the unequal amounts of 
nitrogen contained in it ; and it would follow that the soil 
richer in nitrogen must be more fruitful than one which 
contained less of this element. 

This theory, too, came to a pitiful end; since that 
which was not true for manures could not possibly hold 
good for land. 

Every one who is acquainted with chemical analyvsis 
knows that among the constituents of the soil none can 
be approximately determined with greater accuracy tliau 
nitrogen. In an exhausted soil at Weihenstephan and 
Bogenliausen, nitrogen was determined by the usual 
method, and calculated to a depth of 10 inches. 


The field contained^ per hectare^ 

Bog<3uhauscn Weihonstophan 

kllogr. kilogr, 

Nilrogon . . . 5145 5801 


On botli fields summer barley was cultivated in 1857, 
and the following returns were obtained, per hectare : — 


Corn 
Straw . 


Bogenliausen 

kilogr. 

413 

,1115 


Weilionsteplian 

kilogr. 

1604 

2580 


1628 4184 


Thus, the field at Weihenstephan, containing about the 
same amount of nitrogen, yielded almost four times as 
much com, and more than twice as much straw, as the 
field at Bogenhausen. # 

Li 1858, these experiments were rejieated at Weihen- 
stephan with winter wheat, and at Schleissheim with 
winter rye ; tlie result wtis : — 

X 
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Nitrogen contained to the depth of 10 inches, per hectare, 



Schleissheim 

kilogr. 

2787 

• 

Crop, 

Weihenstephan 

kilogr. 

6801 

Corn . 

115 


1699 

Straw 

. 282-6 


3030 


397-6 


4729 


The amount of nitrogen in the field at Schleissheim, as 
compared with that at Weihenstephan, bears the propor- 
tion of 1 : 2 ; whereas the crops are in the proportion of 
1 : 14. These facts are fatal to the opinion that there 
exists any connection between the amount of nitrogen in 
a soil, and its powers of production ; and in truth no one 
now entertains this belief. For since Kroker in 1846 de- 
termined the nitrogen in 22 kinds of soil from various 
districts, and discovered that even an unfruitful sand 
contained more than a hundred times, while in arable soils 
to a depth of 10 inches there were present from 500 to 
1000 times, more nitrogen than is necessary for a good 
crop, similar iigivestigations have been made in all coun- 
tries, and Kroker ’s results have been confirmed. 

' Since that period the fact has been generally admitted, 
that the great majority of cultivated soils are fiir richer in 
nitrogen than in phosphoric acid ; and that the relative 
proportion of nitrogen present, which had been adopted 
as the standard for calculating the value of manure, was 
quite inapplicable for estimating the productive power of 
land. 

Hence, between the chemical analysis of manures, and 
that of the soil, ^h ere arose an irreconcilable contradic- 
tion. In the chemical laboratory the efiective value of a 
manure could be accurately determined according to 
the per centage of its nitrogen ; but when the farmer 
liad incorporated his manure with the soil, the detemiina- 
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tion of the per centage of nitrogen in the ground was no 
longer of any use in estimating its productive power. 

This strange circumstance might well have excited 
suspicion against the theory of the preponderating influ- 
ence of nitrogen, for which, as already observed, there is 
not the slightest evidence in point of fact. But instead 
of this, the advocates of the theory mi^ntained it stead- 
fastly, and endeavoured to explain the behavipur of the 
soil upon new and still more extraordinary grounds. It 
had been observed that a very small fraction of the quan- 
tity of nitrogen present in the soil, in tlie form of guano, 
farm-yard manure, or nitrate of soda, materially increased 
the crops ; whereas, the effect of other manures, whicli 
contained nitrogen not in the form of ammonia or nitric 
acid, was very unequal in respect of time, and, in tlie case 
of horn shavings or woollen rags, was extremely slow. 
This led to the assumption that the nature of nitrogen 
was as variable in the arable soil as in manures; one 
portion was supposed to be in the form of ammonia or 
nitric acid, and this was, properly speaking, the effective 
part ; another portion, on the contrary, existed in some 
peculiar form which could not exactly be defined, and was 
quite ineffective. 

Hence the productive power of a soil was, according to 
this view, not in proportion to the entire quantity of 
nitrogen in it, but could only be measured by the nitric 
acid and ammonia which it contained. As the advocates 
of the theory about the effective operation of nitrogen had 
been accustomed to shirk proving the truth of their 
doctrine, as a matter of* course they did not trouble 
themselves about adducing any positive facts in support 
of this extension of it. They beheved that they could, 
estabhsh their point in the following way. 

When a crop contained in corn and straw as much 
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nitrogen as* was equivalent to six, four, three, or two’ per 
cent, of tlie wliole quantity of nitrogen in the soil, the 
reason was that there were present in the field six, four, 
three, or two per cent, of active, nitrogen, while the 
remaining 94, 96, 97, or 98 per cent, were inoperative 
nitrogen. 

The cause of tj^e efiect (the amount of active nitrogen 
in the soil) -was consequently inferred from the effect (the 
amount of nitrogen in the crops). If more of the whole 
quantity of nitrogen was in an active form, then higher 
crops would follow ; if the crops were lower, the reason 
was that there was a deficiency of active nitrogen. If in 
guano or farm-yard manure additional active nitrogen was 
supplied, the crops would be increased. 

Ey taking a new standard for estimating the productive 
power of tlie soil, tlie former one for the valuation of 
manure was virtually abandoned. For when efficiency 
was allowed only to nitric acid and ammonia in the soil, 
and denied to all other nitrogenous combinations, it was 
evidently unwamm table to place those nitrogenous com- 
pounds in manures, wliich were neitlier ammonia nor 
nitric acid, in the same class with these two elements of 
food. 

But in the classified estimate of manures, a high place 
was given to dried blood, horn shavings, gelatine, and the 
nitrogenous constituents of rape-cake, all substances 
which contain neither nitric acid nor ammonia. The 
favourable effect of these manures was, in the majority of 
cases, undoubted, but still not determinable by analysis. 
Of two fields, the one manured with rape-cake, the other 
not, the former yields a larger corn or turnip crop than 
the latter, but it is not possible to show that there was 
more ammonia in the one case than in the other. True, 
it was assumed that the nitrogenous compounds Of these 
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manures, tlie albumen of tlie blood, the rape-cake, or the 
gelatine, was gradually converted into ammonia, and so 
became operative; but it was taken for granted as a 
matter of course, that the so-called inoperative nitro- 
genous compounds present in the soil do not possess the 
])ower of yielding ammonia, or of being oxydised into 
nitric acid. 

It was well known, indeed, that if one of two fields 
contained more lime than the other, the one richer in lime 
often did not on that account produce more clover. Yet 
no one thought of assuming that tlie lime in the richer 
field existed in a two-fold condition, 0])erative and in- 
operative, or that the active portion of the lime had 
caused the difference in the clover crops. 

It was also well known that if two fields be manured 
with the same bone-eartft, the one often gave a higher 
crop than the other, and yet no one tliought of assuming 
that in the second field the inefficiency of the bone-earth 
was due to the fact that it hj;id passed into a state of 
inactivity. * 

It was* further known, that the excess of no individual 
nutritive substance exercised any influence upon the pro- 
duce of a field ; but it was assumed that the case must be 
different with nitrogen. A sur])lus of that element, it 
was surmised, must act, and if it did not, the cause was 
not ascribed to the field, but to the nature and condi- 
tion of the nitrogenous compounds. 

From this we see that the notion of nitrogen exerting 
the principal influence in agriculture led to unexampled 
confusion of thought and to the most baseless and absurd 
suppositions. None of the advocates of this theory gave 
themselves the slightest trouble to extract from the ground 
one of the nitrogenous compounds, which were deemed 
inoperative, so as to study its nature ; but properties were: 
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ascribed to them, of which nothing could be known, 
because the things themselves were not known. 

As the advocates of this theory can say nothing about 
the nature of the nitrogenous compounds present in the 
ground, they want to make us believe that nothing at all 
is known about them. * But no one, who has an acquaint- 
ance with chemistry, has the smallest doubt or uncertainty 
respecting the origin of nitrogen in the arable soil. It is 
derived either from the air, whence it is conveyed to the 
earth in rain or dew ; or from organic substances accu- 
mulated from a series of generations of dead and decayed 
plants, or else from animal remains contained in the earth, 
or incorporated with it by man in the form of excrements. 
Animal and human excrements, bodies of animals in the 
earth, coii)ses in their coffins, all vanisli, with the ex- 
ception of their incombustiblc^matters, after a series of 
years; the nitrogen of their constituents is converted 
into gaseous ammonia, and is distributed in the surround- 
ing soil. The remains of extinct animal life which arc 
embedded, to an enormous extent, in sedimentary strata, 
or which of themselves constitute whole masses of rock, 
attest the extraordinary distribution of organic life in the 
former ages of the earth ; and it is the nitrogenous con- 
stituents of these animal bodies, passing over into am- 
monia and nitric acid, which still play an important part 
in the economy of the vegetable and animal world. 

If the smallest doubt could exist on this question, it is 
completely removed by the investigations of Schmid and 
Pierre (‘ Compt. rend.’ t. xl^x. pp. 711-715). 

Schmid examined (see Peters. ‘Acad. Bull.^ viii. 161) 
several specimens of Eussian black-earth (tscherno-sem) 
from the Government of Orel, and among them three 
from the same field, marked by him as ‘virgin soil,’ 
of which we may assume that it had never been subject 
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to agricultural operations ; the amount of nitrogen in this 
soil amounted to — 

Amount of nitrogen in the tscherno-sem. 

Under the turf 0 99 per cent.*nitrogon 

4 werschoks (a»7 inclies) deeper . . 0-45 „ „ 

Above the subsoil 0‘33 „ „ 

If we assume a cubic decimetre (—61 cubic in.) of this 
earth to weigh 1100 grammes (=2*4 lbs.), then, calculating 
for the area of a hectare (=2 | acres), the ground would 
contain — 

kilo. caH. 

1 decimetre (=4 inches) deep . . . 10890 = 213 nitrogen 

1 ,, „ deeper . . 4950= 97 „ 

1 „ „ „ . . . 8030= 71 

30 centimetres ( = 117 inches) deep . . 19470 = 881 „ 

In examining a soil in the neighbour! lood of Caen, 
Pierre found in it 19G20 kilogrammes (=385 cwt.) of 
nitrogen distributed, in the following manner, through 
a hectare to the depth of one metre (=3*3 feet). 

centimt'tres inches kilogr. cwt. 

In the first layer of 25=10 deep, the soil contained 8360 = 164 

„ second „ 25 — 50 = 10 — 20 „ „ 4959= 97 

„ third „ 50 — 75 = 20—30 „ „ 3479= 68 

„ fourth „ 75—100 = 30—40 „ „ 2816= 55 

19614 = 384 

Tims, according to both investigations, the uppermost 
layers, or the proper arable soil (about 10 inches deep), 
were the richest in nitrogen, while in the lower layers the 
amount decreased. 

Such a condition undeniably proves the origin of 
nitrogen in the arable soil. 

If the upper layers,, which are constantly deprived of 
nitrogen by cultivation, contain more of this element than 
the lower, it necessarily follows that the nitrogen must 
liave come from without. The analysis of the most 
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various kinds of soil in many different lands and districts 
shows that there is scarcely a single fruitful wheat soil 
which does not contain at least 6000 to 6000 kilogrammes 
(=98 to 11(5 cwt.) of nitrogen per hectare (=2J acres) to 
the depth of 25 centimetres ( = 10 inches) ; and the simplest 
comparison of the quantity of nitrogen in the soil, with 
that which is removed in the crops, proves that the 
latter amounts to a very small fraction, and that the land 
is exhausted of all other nutritive substances soop.er than 
of nitrogen. 

The experiments of Mayer (‘Ergeb. landw. u. agric. 
Versuche.’ Miinchen. Iter Heft, s. 129) show that the 
behaviour of arable soil with respect to alkalies in watery 
solution a/lbrds no conclusion as to the nature of the 
. nitrogenous compounds therein contained. It had been 
assumed, that all nitrogen in T:he earth in the form of 
ammonia could be separated by distillation with caustic 
alkalies, and that the portion that was not thus separated 
did not exist as such. Mayer proved the incorrectness of 
this assumption ; he first discovered, that many earths 
rich in humous constituents when boiled for four hours 
(which may be considered equivalent to lixiviation for 
four hours with boiling water) still retained a very con- 
siderable quantity of ammonia. The earths employed in 
these experiments were (1) earth from the hollow trunk 
of a tree, (2) garden soil rich in organic matters, from 
the Botanic Garden, (3) strong cjay soil from Bogen- 
hausen. 

Ammonia. 

One million milligrammes ( « 2*2 lbs.) retained at the temperature of boiling water : 

milligr. grs, milligr. grs. milligr. gra. 

(1) Tree soil, 7308 = 112 (2) Garden soil, 4538 = 70 (3) Clay, 1576 = 24 

If an arable sod after saturation with ammonia, by 
being placed either in a weak solution of pure . am- 
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monia, or in a confined space with, ammoniacal gas, or 
over carbonate of ammonia, is then dried and exposed in 
thin layers in this dry state to the air for fourteen days, 
all the ammonia not intimately combined in the soil is 
evolved, and the same result may be produced by con- 
stant washing with cold water. Now if soils thus satu- 
rated, the ammonia of which has been accurately ascer- 
tained, are exposed to distillation with soda lye, it is found 
that a considerable portion of the absorbed ammonia is 
not separable in this way. In the following table, A ex- 
presses the quantity of ammonia respectively absorbed 
by various soils at the ordinaiy temperature of the air; B, 
tlie quantity of ammonia retained by the same soils after 
twelve t*o fifteen hours’ action of soda lye in a water bath. 

One million milligrammes (=2'2 lbs.) of soil from 

f 

. Havannah Schlcisshoim Bogenbausen Clay soil 
milligr. grs. milligr. gra. milligr. gra. milligr. gra.. 

A Amftionia . 5520 = 85 3900 = 60 3240 = 50 2600 = 40 

B „ . 920 = 14 970 = 15 990 = 15 470= 7 

4r 

Under these circumstances, it appears that the power 
of retaining a certain portion of the absorbed ammonia 
is very unequal ; the Havanna earth (a poor lime soil) 
retains a sixth of tlie absorbed ammonia, the soil at 
Scljleissheim the fourth, that at Bogenhausen almost a 
third. ^ 

♦ We need not be surprised at this peculiar comportment, for it merely 
proves that part of the ammonia in the earth is contained in an entirely 
different form from that of a salt. The salts of ammonia are com- 
binations of ammonium, which can be easily decomposed by allcalies, 
alkaline earths, and metallic oxides, the alkali taking the place of oxide 
of ammonium, or the ammonium being displaced by some other metal. 
But we have no reason to believe, that the ammonia, which by physical 
attraction is fixed in the porous arable soil, yields its place to another 
body, and is separable by it, if the latter has not a stronger attraction 
for the soil. 

Carbonate of lime, in the cold, produces scarcely any efiect upon 
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This explains the reason why an arable soil saturated 
with ammonia gives back only a portion after being 
heated with soda lye for several hours ; and it is rather, 
perhaps, the lengthened operation of water at a high 
temperature, than the chemical attraction of the soda, 
that gradually separates, in the form of gas, the ammonia 
fixed by the soil. In this operation there is no percep- 
tible limit, where the evolution of ammonia ceases ; for 
even after twenty-five hours ot continuous heatjj^g in a 
water-bath, the fluid which passes off has still an alkaline 
reaction. 

The above arable soils in their natural condition com- 
port themselves with a boiling solution of soda precisely 
as if they were partially saturated with ammonia. In the 
following table, A expresses the total quantity of nitrogen 
in the form of ammonia, which is obtained from various 
soils at a red heat with soda lime ; B, the quantity of 
ammonia which is separable from them after twelve to 
twenty-five hours’ heating with a solution of soda. 

One million milligrammes of earth ( = 1 kilo. = 2*2 lbs.) from 

Hayannah Schleissheim Bogenhausen Clay soil 
milligr. grs. milligr. grs. milligr. grs. milligr. grs. 

A . . . 2640=40-6 4880 = 75-0 4060 = 62-6 2860 = 44-0 

B . . . 610= 7-8 1270 = 19-5 850 = 12 830 = 12*7 

These numbers lead to some interesting considerations ; 
they show, among other things, that the third, fourth, or 
fifth part of all the nitrogen contained in the soil is sepa- 
rable in the form of ammonia ; and that after twenty-five 
hours’ distillation with a solution of soda, the fluid which 
passes off has still an alkahne reaction. * 

As a soil saturated with ammonia retains, after five or 

sulphate of ammonia ; but in an arable soil, -which contains carbonate of 
lime, the salt of ammonia is completely decomposed : lime takes the 
place of the ammonia, the latter ho-wever does not become free, but 
enters into some other combination, upon -which lime has no effect. 
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six hours’ heating with a solution of soda, a third, a 
fourth, or a sixth of the ammonia absorbed by it, and we 
cannot assert that the retained portion has changed its 
nature, and is no longer ammonia ; so from the comport- 
ment of the earth in its natural condition, and under the 
same circumstances, we cannot conclude that the nitrogen 
which by distillation cannot be obtained in the form of 
ammonia, -does not, therefore, exist as such in the earth. 

Even if the experiments above described do not afford 
any proof that all the nitrogen in the ground is in the 
form of ammonia (a portion, besides, is in most cases pre- 
sent as nitric acid), there is, on the other hand, no proof 
furnished to the contrary. 

Strictly speaking, the discussion of the point in ques- 
tion does not depend on this proof ; for it is sufficient to 
show here, that the comportment of the soil with respect to 
the amount of nitrogen in it is exactly the same as that of 
^farm-yard manure. Only a small portion of the nitrogen 
in farm-yp,rd manure is separable by distillation with 
alkalies ; the much larger portion being obtained only by 
complete decomposition of the substances. 

According to Voelker’s analysis, 800 cwt. of fresh farm- 
yard manure contained — 

1854, November 1855, April 
lbs. lbs. 

Nitrogen 614 712 

74-4 . 

If we compare with this the amount of separable am- 
monia and the total nitrogen in the soil at Schleissheim 
hnd Bogenhausen, we have — 

Scbleisshelm Bogenhausen 
lbs. lbs. 

800 cwt. of arable soil contain nitrogen 321*6 267*2 

Present as separable ammonia . . 101*6 68*0 

It is manifest, that when two soils, not particularly rich 
in nitrogen, contain just as much ammonia as an equal 
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weight of farm-yard manure, if we ascribe the effect of 
the latter merely to the amount of ammonia which it 
contains, then the unfruitfulness of the field at Schleissheim 
is entirely inexplicable. 

We assume that the entire quantity of nitrogen in 
fixrm-yard manure has a definite share in its operation ; 
and as the nitrogenous matters in the arable soil are ori- 
ginally identical with the 'substances which »form the 
constituents of manures, it is impossible to ascribe to the 
one an effect which docs not equally apply to the other. 

There can be no doubt that the nitrogenous compounds 
in the ground often exert no influence in increasing the 
crops, while those in the manures undoubtedly produce 
a favourable effect. Hence the operation of the nitro- 
genous compounds in the manure must have depended 
upon causes which the ground did not supply; and it is 
clear that the same efficacy can be given to the nitro- 
genous compounds in the soil, if the farmer will take^ 
care to bring into play the causes which produced the 
favourable operation in the manures. 

If we consider, for example, the crops yielded (see 
pp. 147 and 150) by the two fields at Schleissheim in an 
unmanured condition, and compare them with the quan- 
tity of nitrogen in the soil, the result is — 

Nitrogen^ per hectare (= acres). 

To the depth of 10 inches. Produce. 

Com Straw 

In Field 1 (p. 150), 1858 . 2787 kilo. 115 kilo. 282 kilo. 

In Field 2 (p. 147), 1857 . 4752 „ 644 „ 1656 „ 

Those who maintain that the crops ‘depend upon the 
nitrogen in the soil, would judge the results of these two 
experiments somewhat in the following way : — 

The amount of nitrogen in both fields is as . , . 100 : 160 

The corn crops as 100 : 560 
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If the crops are in proportion to the quantity of 
effective nitrogen in the soil, it follows that the soil of 
Field 2 contained, not only altogether, but even propor- 
tionately, more than Field 1. If the corn crop in Field 
1 = 115 kilogrammes corresponded to the fraction of 
effective nitrogen in the whole amount of nitrogen *= 
2787 kilogrammes, then Field 2 ought to have yielded 
257 kilogrammes of corn, supposing that the relative 
proportion of active and inactive nitrogen were the same 
as in Field 1 (for 2787 kilogrammes, nitrogen : 115 tilo- 
grammes, corn = 4752 kilogrammes, nitrogen: 257 kilo- 
grammes, corn). But, in fact, Field 2 yielded two and 
a half times as much corn ; and therefore the amount of 
active nitrogen in Field 2 was just in the same proportion 
greater. 

This explanation, very simple in itself, is, however, 
opposed by the fact that both these fields manured in the 
same year with superphosphate of lime (prepared from 
phosphorite) (see pp. 147 and 150), gave the following 
returns : — 

Crop^ per hectare. 

Corn Straw 

kilo. cwt. kilo. cwt. 

1858. Field 1 manured with superphosphate of lime 654 = 12-8 1341 = 26*5 

1357. „ 2 „ „ 1301 = 25-5 3813 = 75-0 

Hence, by the application of three nutritive sub- 
stances, sulphuric acid, phosphoric acid, and lime, without 
any increase of the quantity of nitrogen in the soil, 
as much corn was obtained from Field 1, containing 
2787 kilogrammes, nitrogen, as from Field 2, con- 
taining 4752 kilogrammes. There was then in the 
former as much effective nitrogen as in the latter, but it 
was deficient in certain other substances indispensably 
necessary to produce an action. Its power to become 
active was first exhibited when these substances were 
added to the field. In like manner, the favourable 
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influence of superphosphate upon Field 2 was exhibited ; 
for the crop of this plot, when unmanured, did not 
correspond to the amount of active nitrogen which it 
contained; but by the addition of superphosphate the 
crop rose to more than double. And when to the super- 
phosphate upon Field 1, 137 kilogrammes of common 
salt, and 755 kilogrammes sulphate of soda were added, 
there was a still greater increase, i. e. there were now 700 
kilogrammes of com, and 1550 kilogranjmes of straw, 
a still greater quantity of apparently inactive nitrogen 
having been rendered effective. 

The intelligent farmer who reflects upon questions of 
this kind, wiU be led to the conclusion, that an essential 
difference may exist between his own practical experience 
and the theories of the school which seeks to explain 
them. When practice tells us that farm-yard manure, 
guano, and bone earth have restored or increased the 
crops in certain cases, no one can maintain that 
these are not real facts, or are not trustworthy. 
But the observations of the practical man extend no 
further than these facts ; he has not actually remarked 
that the increased crops were produced by the ammonia 
in the farm-yard manure, or by that in the guano, or by 
the nitrogen in the nitrate of soda ; all this he is led to 
believe by persons who themselves know nothing about 
the matter. 

It is certainly a most remarkable circumstance, occur- 
ring in no other trade or industry, that in tnost cases the 
farmer cherishes representations or theories, for the truth 
of which he has no evidence ; nay, he seems even to give 
up completely the very idea of inquiring into their 
correctness. It is quite incomprehensible that he should 
allow hiihself to be guided and convinced by facts which 
have not been remarked by himself upon his own ground, 
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but h*ave been observed in altogether different districts, 
and which must at least remain doubtful as far as their 
application to his own land is concerned. 

If, during the last ten years, only one farmer in a 
thousand had resolved to institute experiments upon his 
own land with ammonia or salts of ammonia to test the 
theory, whether in fact this manure is useful beyond all 
others in increasing the corn crops, how soon and how 
easily w(jild a^ accurate estimate have been formed of its 
true value by other farmers ! 

The simple reflection that not one of the substances 
nutritive to plants does of itself exert any influence upon 
their growth, and that several other substances must be 
present, if the first is to prove useful, should have brought 
him to the conclusion that the ease cannot be otherwise 
with nitrogen ; and that the value of a manure cannot be 
measured by the amount of nitrogen which it contains ; 
for this presupposes that the nitrogen possesses an opera- 
tive power, which must manifest itself under all circum- 
stances^ and that the money wli^ch the farmer lays out in 
its purchase will always ensure an adequate return. 

Now, when his common sense tells him that such a 
supposition is impossible, and that he has only to open his 
eyes to observe by innumerable facts that ammonia is no 
exception to other nutritive substances, he will of himself 
cofiae to tlje conclusion that the inactivity of the great 
mass of nitrogen in his field is not due to any condition 
peculiar to its#f, which science can neither investigate nor 
explain, but that it is inactive, just as phosphoric acid, 
potash, lime, magnesia, silicic acid, and iron, are inactive, 
when there is wanting in the ground one of the conditions 
necessary to make them available. 

The theory that by far the greater portion of the nitro- 
gen in the ground is incapable of serving for the nutrition 
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of plants, cannot be proved by the fact that the crops do 
not bear any proportion to the amount of nitrogen in the 
soil ; for were this the case, then all soils must be equally 
abundant in all other conditions for the growth of plants, 
and everywhere possess the same geological and mechani- 
cal condition. But this assumption is impossible, for on 
the whole surface of the globe there are not two districts 
in which the soils are identical in these respects. 

This theory must be strenuously op^sed, ^ot only 
because it is false generally, and that it has never yet been 
proved to be true even in a single case, but still more on 
account of the pernicious influence which it exercises 
upon the practice of the farmer. For since it induces 
him to suppose that it is impossible to give the necessary 
efficacy to the store of nitrogen in his land, he will never 
think even of attempting to do so. Being convinced 
beforehand that he need not try to raise the treasure 
buried in his field, he never even makes the attempt. 

Since the exact observation made in the cultivation of 

, * 

entire countries and divisions of the globe for centuries 
past, and also well-established facts, make it probable 
that a source of nitrogenous food exists, which ensures 
annually to a cultivated field without the husbandman’s 
aid the return of a portion of the nitrogen, and in a ro- 
tation the whole amount of that substance which has been 
taken away in the crops ; and further, that tha field may 
be exhausted of every other nutritive substance, however 
great its store in the ground may be, bl^ause they are 
never spontaneously restored to the soil by nature — 
whereas this can never happen, to nitrogen ; then it is 
contrary to all the rules of logic in any given case, to 
ascribe without closer examination the exhaustion of 
a soil above all other things to a loss of nitrogen. 

We might suppose, ‘that apart from the suggestions of 
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common sense, that the palpable advantage which would 
accrue to the farmer imperatively demands that he should 
take all possible pains to verify the correctness of this 
fact, and to discover how much nitrogenous food is 
annually restored to him by the atmosphere.- For when 
he knows how far upon the whole he may calculate upon 
this source, he can easily arrange his system of cultivation 
to make it most profitable to him. If the atmosphere 
supplies him with the whole amount of nitrogen which 
he removes from his field by a rotation, then he can 
direct his thoughts to the means of keej)ing his whole 
farming operations going in the most effectual manner 
with the store which he annually collects in his manure 
heap, without spending any money upon nitrogenous food 
for his plants. If he finds that the atmosphere restores 
only a portion of that which has been taken away, and he 
accurately knows what this portion amounts to, then as 
circumstances require, he can, with judicious economy, 
supply from other sources what is lacking ; or he may so 
arrange his system of cultivation as to make thoi supply 
of nitrogen from natural sources cover what is removed 
in the crops. 

Every advance in an industrial pursuit has a definite 
standard of value in the price of the products ; and no 
sensible man would call an alteration in the mode of con- 
ducting a business by the name of improvement, unless 
the price of the products oivered the cost of production. 
When the price of guano exceeds a certain limit, so that 
the crop realised does not bear a proper proportion to 
the outlay of capital and labour, this very circumstance 
prevents its application. 

From this point of view farmers might long ago have 
perceived that the question about, the necessity of supply- 
ing ammonia to increase the cro]^ of corn, includes 

Y 
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another question, whether, on the whole, progress in this 
respect is, or is. not, possible in agricultural practice. 

A few considerations only are necessary to bring the 
farmer to the conviction, which I myself entertain, that if 
increased production depends upon an augmentation of 
nitrogenous food in the soil, we must at once renounce 
all idea of improvement. For my own part, I am much 
more inchned to beheve, that progress is only possible 
and attainable if the farmer restricts himself to that 
store of nitrogen yhich he can collect upon his own 
ground, avoiding as much as possible all purchase of 
nitrogenous food from other quarters. 

. On the average, all the experiments of Lawes in 
England have shown, that for one pound of salts of 
ammonia in manures^ two pounds of wheat may he 
reaped. 

These results, we must remember, were obtained from 
a field in which one acre without manure of any kind 
was able to yield, for seven years consecutively, 1125 lbs. 
of cori» and 1756 lbs. of straw; and that all the plpts 
manured with salts of ammonia also received phosphate 
and sihcate of potash.* 

On an average, Lawes manured his fields with 3 cwt. 
of salts of ammonia, and thereby he obtained half as 
much com again as the unmanured plot yielded. 

We will now assume that the extra crop obtained was 
exclusively due to the salts ofigammonia ; we will further 
suppose that all soils are inexhaustible in phosphoric 

* On this point Lawes says (‘ Jounial of the Royal Agr. Soc. of Eng.,’ 
V. xiv. p. 282), that for the production of one bushel of wheat (=64 to 
65 pounds, containing 1 pound of nitrogen) which the soil was made to 
yield above its natural power, 5 pounds of ammonia were requisite 
(=16 pounds of sal ammoniac, or 20 pounds of sulphate of ammonia). 
He adds, however, that fjp. no single experiment did the extra crop 
obtained correspond to this estimate. 
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acid, potash, dime, &c. ; and consequently, that the con- 
tinuous apphcation of salts of ammonia would involve no 
exhaustion of the soil. If we now reckon how much 
salts of ammonia, by weight, would be necessary for the 
kingdom of Saxony, in order to obtain half as much 
corn again as the linmanured land produces, the result is 
the following : — The kingdom of Saxony comprised, im 
the year 1843, 1,344,474 acres (1 acre=l*368 Eng. 
acre) of arable land, exclusive of vineyards, gardens, 
and meadows. If we suppose that each acre yields one 
corn-crop in two years, and that 4 cwt. salts of ammonia 
had to be applied in the way of manure, the kingdom of 
Saxony would require annually 2,688,958 cwt.=134,447. 
tom of salts of ammonia. 

Those who possess even a slender acquaintance with 
chemical manufacture, and know from what raw mate- 
rials (animal refuse and gas water) salts of ammonia are 
procured, must easily see that all the manufactories in 
England, France, and Germany put together, could not 
produce so much as the fourth part of the salts of 
ammonia required by comparatively a very small country, 
in order to increase its products in the manner proposed. 

With a similar distribution we can easily calculate how 
much salts of ammonia would be required for the 
German provinces of Austria with 11 million jochen 
(1 joch= 1*422 Eng. acre) of arable land ; for Prussia, . 
with 33 million morgen (1 morgen= 0*631 Eng. acre) ; 
for Bavaria, with 9 million tagwerk (1 tagwerk= 0*842 
Eng. acre) ; and even if it were possible to quadruple 
the manufacture of salts of ammonia, this would have 
no material influence upon the crops. 

The cheapest ammonia is conveyed to Europe in 
Peruvian guano, which, taking a high average, contains 
16 per cent. 
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Peruvian guano is principally used in the cultivated 
lands of Europe, as in England, France, the Scandinavian 
countries, Belgium, the Netherlands, Prussia, and the 
German States, comprising, exclusive of Austria, 120 mil- 
lions of inhabitants. Now if we suppose that upon these 
lands for centiuries to come 6 million cwt. (—300,000 
tons) of Peruvian guano, containing 360,000 cwt. of 
ammonia, were annually applied, and that it was pos- 
sible, with the means at present at our disposal, by 5 lbs. 
of ammonia to raise 65 lbs. additional of wheat, or its 
equivalent value, then the increased ?rop of corn would 
just reach so far as to give each individual in the commu- 
•nity 2 lbs. of corn a day for two days in the year. 

If we assume 2 lbs. of corn or its equivalent to be the 
average amount of nutriment required by an individual, 
this makes 7 30 lbs. annually. According to the supposi- 
tion made above, 36 million pounds of ammonia would 
produce thirteen times as much =46 8 million pounds of 
corn or its equivalent, whereby 641,000 individuals 
could be nourished for a year. 

Supposing the population of England and Wales to 
increase only 1 per cent, annually, this makes 200,000 
individuals in one year, and 600,000 in three years. 
Now "the cereals hypothetically raised by help of the 
ammonia in 6 million cwt. of guano imported from 
abroad, would suffice but very few years to support the 
increased population of England and Wales. 

And what would be the state of things six or nine 
years afterwards in England or Europe, if we were 
actually, dependent upon a foreign importation of am- 
monia, for the support of the increasing population ? 
Could we import 12 million cwt. of. guano in six years, 
or 18 million in nine years ? 

We know most positively, that in a few years the 
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source of ammonia in 'guano will be exhausted ; that we 
have no prospect of discovering a new and richer source ; 
that the annual increase of population, not only in 
England but in all European countries, is more than 1 
per cent. ; and, finally, that in proportion to the increase 
in the population in the United States, Hungary, &c., a 
corresponding diminution must follow in the exportation 
of corn from those countries. From these considerations 
the hope of augmenting the crops of a country by the 
importation of ammonia must appear utterly vain. 

In Germany, a pound of wheat costs at present 
4 kreutzers a pound of sulphate of ammonia, 

9 kreutzers (3|c?.) ; and if it were possible with a pound 
of this salt, added to our ordinary manures, to produce 
2 pounds more of wheat, then for every outlay of one 
florin (2^.) in money, the German farmer would receive 
53 'kreutzers (Is. 9c?.) in corn. This relation of outlay 
to income is evidently well known in practice, for up to 
this monient salts of ammonia have nowhere come into 
general use ; and though many manufacturei’s of manure 
add a certain quantity of ammonia to their productions, 
this is chiefly to humour the fancy of farmers for this 
substance ; but none of them can tell what advantage 
results frt)m this addition. This prejudice will soon dis- 
appear of itself, when farmers have learned to make a 
proper use of the nitrogenous food which nature supplies ■ 
spontaneously to the land without any aid on their part. 

The abundant supply of nitrogenous food in^ the soil, 
the increase of the same in well-cultivated ground, the 
examination of rain-water and of the atmosphere, all 
facts observed in cultivation in general, prove that, even 
with the highest system of farming, the soil is not ex- 
hausted in its store of nitrogenous food, and that conse- 
quently there is a circulation of nitrogen, like that of 
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carbon, which presents to the farmer the possibility of in- 
creasing his store of active nitrogen in the soil. 

The extraordinary effect of superphosphate of lime in 
augmenting the crops of corn, turnips, and clover, almost 
without exception, upon all German lands to which these 
non-azotised manures have been applied ; the operation 
of the newly-introduced Baker and Jarvis guanos* (which 
contain no ammonia) ; the action of lime, salts of potash, 
gypsum, &c., all show without doubt that an accumula- 
tion of nitrogenous food has taken place in the soil, the 
source of which was, until lately, quite obscure. 

We had reason enough to believe in a partial restora- 
tion to the soil of nitrogenous food by air and rain, but 
that it should be augmented was quite unexplained ; 
because this presupposed that ammonia and nitric acid 
were produced from the nitrogen of the atmosphere, in 
evidence of which we had no facts whatever. Very 
recently this source of the increase of the nitrogenous 
food of plants was discovered by Schonbein,* and the 
problem was solved in the most unexpected manner. 

In his experiments upon oxygen, Schonbein found that 
the white fume emitted by a piece of moist phosphorus 
is not, as was previously believed, phosphorous acid, but 
nitrite of ammonia. I myself had an opportunity of 
seeing this proved at a lecture, illustrated by experi- 
. ments, which Schonbein delivered at Munich in the 
summer of 1860 . It is probable, as he states, that in 


* From a communication in the ‘ Official Gazette,’ No. 3, of Ist 
March 1862, for the Agric. Union in Saxony, the following crops per 
acre were obtained in 1861 : — 


3 cwt. Jarvis guano produced 
3 „ Baker „ „ 

6 „ steamed bones „ 

Unmanurcd „ 


Wheat 



■■ 

Corn 

straw 

. ^2244 lbs. 

4273 lbs. 

. 2929 „ 

5022 „ 

. 3015 „ 

4755 „ 

. 1955 „ 

3702 „ 
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this reaction the nitrogen of the atmosphere, by a kind 
of induction, combines with three equivalents of water, 
whereby on the one hand nitrous acid, and on the other 
ammonia, are formed ; just as is well known that under 
the influence of a higher temperature, nitrite of ammonia 
is decomposed into water and nitrogen gas. The most 
strikiug fact is, this salt - is formed under circumstances 
which we should have been led to suppose were precisely 
those opposed to its formation ; but the production of 
the peroxide of hydrogen (so easily decomposed by 
heat), during the slow oxidation of aether, which is at- 
tended by a perceptible evolution of heat, is a fact not 
less certain, and hitherto equally unexplained. 

The formation of nitrite of ammonia during this slow 
process of oxidation made it probable that it takes place 
everywhere on the earth’s surface where oxygen enters 
into combination ; and consequently that the same pro- 
cess, whereby carbon is converted into carbonic acid, 
forms also an ever-renewing source of nitrogenous food 
for plants. 

Soon afterwards, Kolbe showed (‘' Annal. d. Chem. u. 
Pharm.’ bd. 119, s. 176) that if a flame of hydrogen gas 
is allowed to burn in the open neck of a flask containing 
oxygen, the interior is filled with the red fumes of nitrous 
acid.* 

Further, Boussingault observed that, in the consump|^ 
tion of common illuminating gas, the water in Lenoir’s 
gas machine contained ammonia and nitric acid ; and 
shortly after, Bottger mentioned, in the ‘ Annual Eeport 
of the Physical Society of Frankfort’ (meeting of 17ov. 2, 
1861), that, according to his experiments,. not only in the 
case of hydrogen, but generally when hydro-carbons 

* The formation of nitrous acid in eudiometrical experiments was 
already known. 
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were burned, a certain quantity of nitrite of ammonia 
was always formed, together with water and carbonic 
acid. Almost contemporaneously with this notice, I 
received from Schonbein a written communication an- 
nouncing the veuy same results which he had obtained in 
the same way, so that no doubt can remain as to the 
correctness of this fact. 

The practical farmer, who is really anxious to improve 
his method of cultivation, must be led by these un- 
doubted facts to determine upon ascertaining, with the 
greatest clearness, the effect of nitrogen in his manures. 
Before he has been convinced that the atmosphere and 
rain convey the necessary amount of nitrogenous food to 
his plants, no one could expect him to renounce the 
employment of ammonia as a manure. When it is as- 
serted that the farmer can give a maximum of fertility 
to • his land without supplying to it any nitrogenous 
matter, it is not meant that he must renounce the use of 
farm-yard manure ; but the assertion implies the existence 
of the latter, and is, in fact, based upon it. 

For the restoration or augmentation of productive 
power in exhausted corn-fields, it is absolutely necessary 
that the arable soil should contain a surplus of all nutri- 
tive substances for cereal plants, nitrogenous among 
others, but no one in greater proportion than the rest. 
Jt is assumed that the farmer by a right succession of 
crops, that is, by a proper proportion between his corn 
and fodder fields, is always in a position, by carefully 
husbanding the ammonia in his farm-yard manure and 
avoiding all unnecessary waste, to provide the arable soil 
with such a surplus of nitrogenous food as will corres- 
pond to the proportion of the other nutritive substances 
therein stored ; and that the atmosphere annually makes 
up what he removes in his crops. 

The nitrogenous food conveyed by the atmosphere and 
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rain, is upon the whole sufficient for his cultivated plants, 
but not enough for many of them in point of time. In 
order to give a maximum crop, many plants require, 
dming the period of vegetation, much more than the air 
and rain afford in that time ; and therefore the farmer 
makes use of fodder plants in order to increase the crops 
of his corn-fields. The fodder plants, which thrive 
without rich nitrogenous manure, collect from the ground 
"and condense from the atmosphere, in the form of blood 
and flesh constituents, the ammonia which is supplied 
from these sources ; and the farmer, in feeding his horses, 
sheep, and cattle with the turnips, clover, &c., receives, 
in their solid and fluid excrements, the nitrogen of the 
fodder in the form of ammonia and products rich in 
nitrogen ; an^ thus he obtains a supply of nitrogenous 
manures or nitrogen, which he gives to his corn-fields. 

The rule is, that for certain plants, weak in develope- 
ment of leaf and root, and which have but a short 
period of vegetation, the farmer must compensate by the 
(jiiantity of manure for the time which is wanting for 
the absorption of the requisite amount of nitrogen from 
natural sources. 

It is easy to see that the accumulation of nitrogenous 
food by farm-yard manure in the uppermost layers of the 
ground, so very important for the perfect growth of 
cereal plants, must chiefly depend^ upon the successful 
growth of fodder plants. 

The unmanured fields in the Saxon experiments — 



Yielded 

altogether 

Nitrogen 

Lost by 
sale of 
crop 

Nitrogen 

Received 
in farm-yard 
manure 

Nitrogen 

Clover 

crops 

1851—1854 

lbs. 

11)8. 

lbs. 

lbs. 

Cunnersdorf . 

342-4 

78-4 


9144 

Mausegast . 

Kotitz .... 

279-6 

84-1 


6638 

160-9 

64-8 

106-1 

1096 

Oberbobritzscli 

, 127-7 

67-2 

70-6 

911 
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It is easily perceived from this table that the quanti- 
ties of nitrogen which could be obtained from the field 
and restored in the form of farm-yard manure, bear a 
proportion not exact but sufiiciently well marked, to the 
crops of clover produced by the field ; and there can be 
no doubt that the farmer who takes the right way to 
make his fodder plants thrive, obtains at the sam4 time 
the means of enriching his arable soil with a surplus of 
nitrogenous food for his corn-plants. 

We do not mean to imply that in every possible case 
the farmer must renounce the idea of supplying to his 
land ammonia from other quarters ; for soils vary so very 
much in their natme, that even though we can assert 
that by far the greater proportion of them may not 
require a restoration of nitrogenous food, yet this will 
not hold good for all without exception. In a soil rich 
in lime and humous materials, in consequence of the 
process of decay going on, a certain quantity of the 
ammonia fixed in the earth is converted into nitric acid, 
which is not retained by the soil, but is conveyed into 
the lower layers in the form of salts of lime or magnesia. 
Under certain circumstances, this loss may amount to 
much more than is compensated by the atmosphere, and 
for such fields a supply of ammonia wiU always be useful. 
The same holds good for certain soils which have not 
been tilled for many years, and in which, by the opera- 
tion of the causes above-mentioned, the necessary sur- 
plus of nitrogenous food, formerly present, is gradually 
expended. On recommencing the cultivation of such 
soils, the employment of nitrogenous manures will at 
first produce a remarkably beneficial effect. Afterwards, 
these too require no further supply. 

There is one reason which excites in the farmer’s mind 
a prejudice in favour of nitrogenous manures, and that 
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is the great inequality in the appearance of the young 
crops, when such manures are applied in comparative 
experiments. The cereal plants upon fields manured 
with guano or nitrate of soda are distinguished before 
others by a deep green colour, and by broader and more 
numerous leaves ; but the harvest is generally far from 
corresponding to the expectations raised by this promis- 
ing appearance. Upon a field excessively rich in nitro- 
genous food, there is a kind of rankness in the early 
growth like that produced by a hot-bed : the leaves and 
stalks are watery and weak, in consequence of the want 
of time in their over-hasty growth to absorb contempo- 
raneously from the soil the necessary quantity of sub- 
stances, such as silicic acid and lime, capable of commu- 
nicating to their organs a certain solidity and power of 
resistance against those external causes which endanger 
their existence. The stalks fail to acquire the necessary 
stiffness and strength, and are always liable to be laid, 
especially upon lime soils. 

This injurious influence of excess of nitrogenous food 
is particularly remarkable in the case of the pcJlato plant ; 
for if it grows upon a soil excessively rich in nitrogenous 
food, and the temperature should suddenly fall and wet 
weather supervene, the plant is often attacked by the so- 
called potato disease ; while a neighbouring potato field 
merely manured with ashes shows no trace of it. 

Among all the many experiments which have been 
hitherto made by farmers to improve their land, there is 
not one instituted for the purpose of ascertaining the 
actual condition of their soil, or of seeking proofs for the 
correctness of the notions which they had once adopted. 
The reason of their indifference about obtaining proofs for 
their views chiefly consists in this, that the practical man, 
like the artisan, is guided in his business not by ideas, 
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but by facts. Hence it is quite indifferent to him, 
whether the theoly, or what he dignifies by that name, is 
correct' or not, as he does not regulate his proceedings in 
accordance with it. 

Many thousand farmers, who have not the remotest 
conception of the nutrition of plants or the composition 
of manures, apply guano, bone earth, and other manures, 
to their fields, with fully the same effect and with even the 
same skill as others who possess such information ; nor do 
the latter derive any manifest advantage from their know- 
ledge, because it is not of the right kind ; for example, 
the chemical analysis of manures is rather calculated for 
ascertaining their purity, and for determining their price, 
than as a means for making us acquainted with their 
effect upon land. 

In England bone earth was used and valued as a 
manure half a century before any idea was formed as to 
whafr its operation was due ; and when afterwards the 
erroneous theory was adopted that its effect depended 
upon the nitrogenous gelatine which it contained, this 
view did ^ot exert the slightest influence .upon its 
employment. 

The farmer manured his field -with bone earth, not on 
account of its nitrogen, but because he wished to have 
larger crops of corn and fodder, and because experience 
told him that he could not expect them without bone 
earth. 

An agricultural practice, founded upon a simple ac- 
quaintance with facts, without any idea of their nature, or 
one based on the exhaustion of the land, may be conducted 
by a person of very hmited intelligence, nay, the most 
ignorant man may be fitted for the purpose, by the mere 
statement of facts to him. But a rational pursuit of agri- 
culture, which, with the greatest economy of capital and 
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labour, can obtain from a field continuously witliout ex- 
haustion the highest crops it is capable of yielding, 
requires a large compass of knowledge, observation, and 
experience, more perhaps than in any other business. 
For the rational agriculturist must not merely know all 
the facts with which the illiterate peasant is acquainted, 
but he must also be able to appreciate them at their 
proper value ; he must know the reason of all his proceed- 
ings, and what effect they may have upon his land. He 
must be able to interpret what his field tells him in the 
phenomena which he observes in practice ; in a word, he 
must be a thorough man, and not a half-and-half creature 
who knows no more about his actions than a tom-cat, 
with just skill enough to catch gold fish in a basin of 
water.* 

* If we compare the theoretical views expressed in the works of 
confessedly good practical farmers with the system of husbandry which 
they have found by their own experience to be the best, we observe 
the most irreconcilable contradictions between the two. 

Walz (‘Communications from Hohenlieim,’ No. 3, 1857) disputes 
both these jiropositions, viz. : — 

‘ That the removal of the mineral constituents in the crops, without 
compensation^ produces sooner or later lasting unfruitfulness as a con- 
sequence.’ 

‘ That if a soil is to maintain its fertility continuously , the removed 
mineral constituents must, sooner or later, be returned to it, i.e. the. 
composition of the soil must be restored.’ 

And gives as his opinion that both these propositions are at . present 
applicable only to soils of the worst kind, which needed a supply of 
mineral matters from the very beginning. 

Now, if we turn to the ‘ Application of his theory to practice ’ (page 
117), we would naturally suppose that he would never trouble himself 
about any compensation ; but it soon appears that he is lar from believing 
in the truth of his own doctrines. He lays the proper stress upon the 
restoration of potash, lime, magnesia, phosphoric acid, gypsum, guano, 
bone-earth, marl, and farm-yard manure ; and lays down the following 
rule : — ‘ That the farmer, to keep his ground in uniformly increasing 
fertility, must not remove more in his crops than the products of the 
• * 
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atmosphere and the assimilable mineral substances added annually to 
the soil by the action of the weather.’ He says further : — ‘ If the 
farmer were to confine his business entirely, e.g. to the manufacture of 
heer, spirit, sugar, starch-meal, dextrine, vinegar, &c., and the sale of 
animal products merely to butter, using up the shimmed milk ; if for his 
dairy he were to buy none but full-grown cows and not breed them 
himself, thus endeavouring to keep the phosphates upon his farm, then 
he would not only preserve continually the mineral substances in his 
store of manure, but he would also increase them by the yearly process 
of disintegration, unless he preferred to alienate the latter in his produce 
(s. 142). 

Hence the point of his practical teaching, in direct opposition to his 
theoretical, is that, in order to obtain uniform crops, great care must 
be taken to maintain and restore the composition of the soil. 

The practical man proves that the notions which he has conceived 
are entirely inapplicable in his practice ; and that the scientific 
principles which he disputes are precisely those by which he is un- 
consciously guided. Sound practice and true science are ever in 
unison ; and a contest on these matters is possible only between two 
persons, one of whom does not understand the other. The chief fault 
lies in want of precision in defining things, and in using indefinite or 
vague language to express our ideas. • ‘ 

Tht opinion of Rosenberg-Lipinsky (see his ‘ Practical Agriculture,’ 
b. ii. Breslau : E. Trewends, 1862), is ‘ that no kind of plant actu- 
ally exhausts the great storehouse of the soil’ (p. 738); and further, 

‘ that plants, directly and indirectly, return to the soil more strength 
than they take from it’ (p. 740). This opinion is thus modified 
(p. 742): — ‘ when therefore the farmer does not take sufficient care 
that the more important magazine of nutriment, the soil, receives 
at the right time, and in proper quantity, the necessary compensation 
for that which is inevitably consumed, the picture of exhaustion which 
the cultivated plants manifestly wear, cannot possibly be charged upon 
their consumers, but the blame is wholly and solely attributable to the 
farmer himself.’ Further, at p. 7 40, he says, ‘ Only in those plains, 
where the injustice of the elements, or of man, has violently disturbed 
the natural laws of the nutrition of plants, does the scanty vegetation of 
the wild flora indicate the exhaustion of the soil.’ 
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« ‘ 

COMMON SALT, NITEATE OF SODA, SALTS OP AMMONIA, 

GYPSUM, LIME. 

Effect of these substances as elements of food ; their effect on the condition 
of the soil — Kuhlmann’s experiments with common salt, nitrate of soda, 
and salts of ammonia; experiments with the same substances in Bavaria ; 
conclusions : these matters are elements of food ; they are chemical 
means for preparing the soil ; they cause the distribution of the food in 
the soil in the form proper for the growth of plants — Experiments by 
Pincus with gypsum and sulphate of magnesia on clover ; decrease of 
flowers and increase of stem and leaves of clover by sulphates ; the crop 
is not in proportion to the quantity of sulphates used — Effect of gypsum 
not yet explained ; indication in the comportment of clover soils with 
solution of gypsum ; such solution disperses potash and magnesia in the 
soil — Manures, their effect not explained by the composition of plants 
produced by them— Composition of the ash of clover manured with dif- 
ferent substances — Effect of lime ; experiments of Kuhlmaun and Trager ; 
comportment of lime-water with soils. 

T hese salts are employed in agriculture in many cases 
with marked success as manure ; and since nitric acid, 
soda, ammonia, sulphuric acid, and lime, are nutritive 
substances, the explanation of their efficacy presents no 
difficulty. But they also possess other peculiarities, by 
which they aid and promote the action of the plough and 
of mechanical tillage, as well as the influence of the 
atmosphere upon the condition of the field. This influ- 
ence is not always clear to our minds, but it is not less 
certain. 

We have every reason to believe that where th^ crops 
are increased by manuring with common salt alone, or 
when the favourable influence of salts of ammonia or nitrate 
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of soda is augmented by the addition of common salt, the 
operation of the three salts essentially depends upon their 
power of diffusing the nutritive substances present in the 
soil, or of preparing those substances for absorption. In 
what manner this takes place with, all is not yet explained. 
The first trustworthy experiments in this direction were 
made by F. Kuhlmann (‘ Annal de Chim.’ 3 ser. t. xx., 
p. 279). In the year 1845 he manured a natural meadow 
with sal ammoniac, sulphate of ammonia, and common 
salt ; and obtained the following quantities of hay : — 

Ci'op of hay, per hectare, 1845 and 1846. 

Increased crop 

Unmanured 11263 kilos. — 

Sal ammoniac, yearly 200 kilos. . 14964 „ 3700 kilos. 

Common .alt ” 

Another meadow yielded : — 

Crop of hay, per hectare, 1846. 

Increased crop 

Unmanured 3323 kilos. — 

Sulphate of ammonia 200 kilos. . 5856 „ 2533 kilos. 

Common «.U IsS ’’ } ' ««« - 3173 .. 

For the purpose of examining the effect of common 
salt upon cereals, the General Committee of the Agricul- 
tural Society in Bavaria instituted at Bogenhausen and 
Weihenstephan, in the years 1857 and 1858, a series of 
experiments, conducted thus ; of two plots, the one was 
manured with salts of ammonia, the other with the same 
quantity of salts of ammonia and an addition of 3080 
grammes of common salt. These experiments were 
described at page 302, and it wiU be sufficient here to 
quote .the crops which were obtained with salts of am- 
monia alone, and with common salt added to salts of 
ammonia. 
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Bogenhausen^ 1857. 


Barley 

Manured with 
salts of ammonia 

Manured with 

common salt and salts of ammonia 

Com 

Straw 

Com 

wBm 

Plot I. . 

XX. ... 

„ XXL 

XV 

,, X r • • • 

Grammes 

6355 

8470 

7280 

6912 

Grammes 
m 16205 
16730 
17920 
18287 

Grammes 

14550 

16510 

9887 

11130 

Grammes 

27020 

36645 

24832 

27969 


Bogenhausen, 1858 (p. 303). 



Manured with 

Manured with 


salts of ammonia 

common salt and salts of ammonia 






Winter-wheat 

Corn 

Straw 

Com 

Straw 

Plot X. . 

Grammes 

Grammes 

Grammes 

Grammes 

19600 

41440 

29904 


jj XX. . . 

21520 


31696 


„ XXL 

25040 

57860 

31416 

74984 

IV 

,, X Y • • • 

27090 

65100 

34832 

74684 


In both these series of experiments, the crops of 
corn and straw were remarkably increased by the addi- 
tion of common salt; and it is scarcely necessary to 
repeat, that such an augmentation could not possibly 
have taken place unless the soil had contained a certain 
quantity of phosphoric acid, silicic acid, potash, &c., 
capable of being brought into operation, but which with- 
out common salt was not assimilable. 

Similar experiments were undertaken by the same 
society in Weihenstephan with nitrates ; and the crops 
produced by these salts alone, and with the addition of 
common salt, per hectare, were as follows : — 
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Weihenstephan^ 1857 . — Summer barley. 



I. 

n. 

III. 

IV. 

V. 

VI. 


TTnmanurcd 

Nitrate of 
soda 

Nitrate of 
Boda with 

Nitrate of 
potash 

Nitrate of 
potash with 

Guano 

1857 


common salt 

common salt 


Summer-barley 
Quantity of 

kilos. 

kilos. 

kilos. 

kilos. 

kilos. 

kilos. 

manure 

— 


402+1379 

473 

473+1379 

473 

* f Corn 
^ 1 Straw . 

1604 

2676 

2366 

2064 

2313 

1922 

2580 

4378 

m 

4219 

4766 

3300 

1858 






Winter-wheat 







(the same 
manures) 







T* f Corn 
^ 1 Straw . 

1699 

1804 

2211 

2248 

2323 

2366 

3030 

3054 

4161 

4404 

4454 

5091 


The experiments are remarkable, in so far as they 
appear to indicate the cases in which the nitrates alone, 
or in combination with common salt, exert a favourable 
influence upon the increase of the crops. 

The land in Weihenstephan is peculiarly suited for the 
cultivation of barley. Field A, after a manuring of the* or- 
dinary kind, about 600 cwt. per hectare, had borne turnips 
in 1854, peas in 1855, and wheat in 1856 ; it was then 
intended to let it he fallow for one year, and to dress it at 
the end of the year for a new crop. On the other hand, 
Field B, before the experiment was made, had already borne 
four crops, namely, rape, wheat, clover grass, and oats ; 
and was, in comparison with the first field, more exhausted, 
and by meams of the oats and clover made much poorer 
in nutritive substances for the following cereal crop. 

This seems to alFord an explanation of the striking fact, 
that in 1857 the nitrates exercised upon the field a far 
more favourable influence than guano, although the soil 
had received as much nitrogen in the guano as in the 
nitrates, with the addition of phosphoric acid and potash. 
The field was still rich enough in nutritive substances for 
a good barley crop, and merely required their more uni- 
form distribution (which was effected by the nitrates and 
the common salt), in order to make available to the roots 
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of the barley plants as much or even more food than was 
the case with the plot manured with guano, on which the 
sum of the nutritive substances was greater. 

In estimating the results of these experiments we must 
take into account the fact estabhshed by Dr. Zoeller, that 
soda seems to take a definite part in the production of 
barley seed. It is clear that the nitrates used did not 
simply act as agents in distributing other nutritive sub- 
stances, but the soda as well as the nitric acid had their 
own share in the production of the crop. In the fourth 
experiment the field received as much nitric acid as in the 
second, but the base combined with the acid was potash 
and not soda ; and in the fifth experiment the addition of 
common salt produced a remarkable increase in tlie corn 
crop. However, in the tliird and fifth experiments the 
quantity of salt applied was evidently too high, and the 
excess- brought down the crop below that obtained with 
nitmte of soda alone. 

Upon the more exhausted field in 1858 the crop 
obtained by guano in corn and especially in straw ex- 
ceeded all the rest. In the arable soil of this field the 
amount of nutritive substances was on the whole smaller, 
and the addition of fresh elements of food made itself felt 
in a much higher degree than the distribution or dissemi- 
nation of the substances already present in the soil. Still 
by the addition of common salt the crop of wheat was 
also increased. 

The effect of potash upon wheat is as striking as that of 
soda upon barley. 

As regards the effect of common salt and salts of soda 
generally, the analysis of the ash of turnips and potatoes, 
kitchen-garden and meadow plants, shows th^t, as a rule, 
the ashes of the former contain a considerable quantity of 
soda, and the ashes of the latter are proportionately rich 
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in chlorides. The grass of a meadow, which has been 
manured with common salt, is eaten by cattle with greater 
relish, and preferred to any other, so that even from this 
point of view common salt deserves attention as a manure. 

As that part of the action of nitrate of soda, sea-salt, 
and salts of ammonia, which consists in effecting the dis- 
tribution in the soil of other elements of food, may con- 
sequently be replaced by careful tillage, the effect pro- 
duced upon the crops by these salts affords a pretty safe 
indication of the condition of a field. If all other circum- 
stances are the same, their effect will be much less marked 
upon a well tilled field than upon one not in the same 
condition. 

Gypsum . — Among the recent investigations respect- 
ing the acfion of gypsum on clover,* those made by 

* That excellent and most ably conducted agricultural journal, 
^Zeitschrift des landwirtliscliafllichen Vereins fiir Rhein. Preussen,’ 
contains, in Nos. 9 and 10, September and October 1861, p. the 
following statement about the remarkable fertility of afield for clover: — 

‘Twenty-three years ago Farmer Kirfield, of Rhon, in the hundred of 
Antweiler, Aldenau district (volcanic Eifel mountains), sowed a plot of 
land, said to abound in broken shells, with esparsette. For ten years 
he obtained good hay crops, and abundant after-grass. After this time 
a good deal of grass began to make its appearance among the esparsette. 
To destroy this Mr. Kirfield had his field deeply harrowed in spring, 
with iron harrows across the ridges, and then sown over again with 
8 pounds of red clover seed. The rod clover grew up splendidly with 
the esparsette, and gave for three years running two full crops per 
annum. At the end of the third year the land was again deeply har- 
rowed and sown anew with 8 pounds of red clover seed. It gave 
again for throe years running two full crops per annum of an excellent 
mixture of esparsette and red clover. The same operation was re- 
peated twice after with the same success, so that the field has now for 
twenty-two years, consecutively, borne clover ; that is to say, the first 
ten years esparsette alone,* the following twelve years esparsette with 
red clover.’ * 

It would be interesting to get a proper analysis of this soil, with 
especial regard to its absorptive power for potash and phosphate of 
lime. 



ACTION OF GYPSUM ON CLOVER. 


341 


Dr. Pincus of Listerburg are the most important, both on 
account of the careful manner in which they were con- 
ducted, and the conclusions drawn from them. At Dr. 


Pincus’ request, three plots' of ground, each of a morgen 
(about ^ of an acre) in extent, and lying close together, 
were selected by Mr. Eosenfeld in the beginning of May, 
from the middle of a large clover field in the neighbour- 
hood of Lenkeningken. The clover crop had a very pro- 
mising appearance,* and the plants were then about an inch 
high. One of the plots was manured with a cwt. of 
gypsum, the second with the same quantity of sulphate of 
magnesia, and the intervening plant was left unmanured. 
The clover field. from which the plots were selected was 
one of the best cultivated and most fertile in the district, 
and had produced in the preceding summer an abundant 
rye crop. The plants growing on the unmanured plot, 
when compared with those on the manured, very speedily 
presented a dilTerence of colour and condition. 

On the plot manured with gypsum, they were of a 
deeper green, and stood higher. The difierence was most 
striking at the time of flowering, which occurred in the 
unmanured plots four or five days earlier than in the 
manured ; the whole field being everywhere in full bloom, 
when scarcely a flower was to be seen in the manured 
plots. When the manured plots also were in flower the 
clover was mown (May 24th). A square ruthc was mea- 
sured from each of the experimental plots, and the clover 
separately cut and weighed. 


Calculated per Prussian morgen (==§ of an acre), the 


results were, — 


Cwts. of clover-hay 


per morgen 


"Without manure 21*6 cwts. 


With gypsum 30*6 

With sulphate of magnesia . . .32-4 


On a closer examination of the clover-hay it was found 
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that the increase in the crops obtained from the plots 
manured with the sulphates did not extend equally to all 
parts of the plant, but was more particularly observable 
in the production of stems. There were found in 100 
parts of the clover from the manured plots more stems, 
fewer leaves, and still fewer flowers, than in 100 parts of 
the unmanured clover. 


Unmanured 

Manured 

with 

Manured 
with sulphate 

100 parts of clover-hay, flowers . 

1715 

gypsum 

11-72 

of magnesia 

12-16 

„ leaves . 

27-45 

26-22 

25-28 

„ stems . 

55-40 

61-62 

63-0 

or,— 


Flowers 

Leaves 

Stems 

Clover-hay, unmanured . 

17-15 

27-45 

55-40 

„ manured with gypsum 

11-72 

25-28 

63-0 

„ „ sulphate of 

magnesia 

12-16 

26-22 

61-62 


These proportions of the different organs of the clover 
plant show that the action of the sulphates has led to a 
very considerable increase of the wood-cells, or, in other 
words, to an extension of the stems at the expense of the 
flowers and leaves. The relative proportion of the 
flowers, leaves, and stems, was ; — 

Flowers Leaves Stems 

Clover-hay, unmanured . . . 100 : 160 : 323 

„ manured with gypsum . 100 : 216 : 507 

„ „ sulphate of 

magnesia . . . 100 : 216 : 538 

According to the law of the symmetrical developement 
of plants, we may, without risk of error, take it for 
granted that the developement of the root increased in 
the same ratio as that of the stem. Now, as the increase 
of a plant in bulk is proportionate to the extent of food 
absorbent surface, we can understand that the manured plots 
should have produced when compared with the unmanured 
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not only a larger mass of stems, but, as in the case of the 
sulphate of magnesia plot, also of flowers and leaves. 

The entire crop, per morgen, was, — 

Manured Manured with 

Unmanored with sulphate of 

gypsum magnesia 

Flowers . . . 370*5 lbs. 358*5 lbs, 39‘4*0 lbs. 

Leaves . . . 592*9 „ 773*7 „ 849*5 „ 

Stems . . . 1196*6 „ 1927*8 „ 1996*5 „ 

2160 „ 3060 „ 3240 „ 

The quantity of most of the ash constituents was found 
larger, nearly in the same proportion as the produce was 
greater. Phosphoric and sulphuric acids, however, 
sliowed in this respect a marked diflerence from the 
other ash-constituents, inasmuch as the quantity of these 
two substances was both absolutely and relatively larger 
in the clover from the manured plots. 

The ash of the air-dried clover-hay amounted to — 


Per cent. 

Unmanured 

6-95 

Manured 

with 

gypsum 

7*96 

Manured with 
sulphate of 
magnesia 

7*.94 

In the entire crop 

150-0 lbs. 

243*0 lbs. 

257*0 lbs. 

Containing sulphuric acid . 

2-0 „ 

8*0 „ 

6*0 „ 

„ phosphoric acid 

11-95 „ 

21*55 „ 

21*82 „ 


The dressing with the sulphates had checked the deve- 
lopement of the flowers, and also that of the fruit ; and 
it is evident that, though a higher crop of stems and 
leaves may be obtained by the use of these agents from a 
given surface, the result is not the same as regards the 
seeds,^ With an increase of flowers, leaves, and stems in 
the same ratio as on the unmanured plot, the two mor- 
gens of. ground, dressed severally with gypsum and 
sulphate of magnesia, ought to have produced more than 
600 lbs. of flowers each ; whereas, compared with the 
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enormous increase in the weight of the stems, and a not 
inconsiderable one in the weight of the leaves, we find no 
increase of flowers, and consequently also none of seed 
(Pincus). These most carefully conducted experiments 
confirm the gqperal rule, that wherever external causes 
favour the developement of some organs, it can only be 
effected under hke conditions of the soil, at the expense 
of other organs, and that in the case of clover, as in that 
of the cereals, increase of straw is attended with decrease 
of seed. (For further details of these experiments, see 
Appendix J.) 

As the substitution of magnesia for lime, in the experi- 
ments now described, led to an increase of the clover crop, 
it may be safely assumed that in cases where gypsum is 
found to be favourable to the growth of clover, the cause 
must not be sought for in the lime, although it is very 
often found that many fields will grow clover only after a 
copious dressing with hydrate of lime. For we know 
also that gypsum promotes the growth of clover on many 
fields naturally abundant in lime ; and since arable soil 
has the property of absorbing ammonia from the air and 
rain-water, and fixing it in the same or even a higher 
degree than salts of lime, there is only the sulphuric acid 
left to look to for an explanation of the favourable action 
of gypsum upon the growth of clover. 

But the experiments of Pincus clearly demonstrate that 
the crops obtained by manuring with the sulphates bear 
no proportion whatever to the quantity of sulphuric acid 
supplied in them to the field. 

The quantities of sulphuric acid severally contained in 
the two sulphates used were 30*12 lbs. in the sulphate of 
magnesia, and 44*18 lbs. in the sulphate of lime, which is 
as 6 .* 8*8. The quantities of sulphuric acid in the two 
crops obtained severally by sulphate of lime and sulphate 
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of magnesia, were as 6 : 8 ; the ash of the clover pro- 
duced by sulphate of lime contained a httle more than 
8 lbs., and that from the sulphate of magnesia 6 lbs. On 
the plot dressed with gypsum the clover plant found a 
larger total quantity of sulphuric acid thaji on the sulphate 
of magnesia plot, and absorbed a correspondingly larger 
proportion. But this additional quantity of sulphuric 
acid absorbed did not increase the amount of produce ; 
on the contrary, on the plot manured with sulphate of 
magnesia, which h^d received less sulphuric acid than the 
gypsum plot, the amount of vegetable matter was 8 per 
cent, higher than on the latter. 

These facts show that we are still in the dark about the 
action of g 3 q)sum ; and it will yet require a great many 
and most accurate observations before we are likely to 
arrive at a satisfactory explanation. 

So long as the notion was generally entertained that 
plants derived their food from a solution, the effects of a 
soluble salt upon vegetation could, of course, be attri- 
buted only to the constituents of that salt. But now we 
are aware that the earth itself performs a special part in all 
the processes of nutrition ; and there might, therefore, be 
grounds for supposing that the action of gypsum upon 
arable earth, or of the latter upon the former, might 
furnish a key, to some degree at least, to explain the effect 
of gypsum upon the growth of clover. A series of ex- 
periments made by me upon the alterations which a satu- 
rated solution of gypsum in water undergoes in contact 
with different arable soils, give very remarkable results, 
which I will now state, without venturing to draw any 
definite conclusions from them. 

I found that a solution of gypsum in contact with all 
the arable soils which I used, underwent decomposition, 
part of the lime separating from the sulphuric acid, and 
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magnesia and potash taking its place, quite contrary to the 
ordinary affinities. 

The experiments were made as follows: — 300 grammes 
of each earth were mixed with a litre of pure water, and 
300 other granges of the same earth with a litre of a 
saturated solution of gypsum. After twenty-four hours 
the fluid was filtered, and the filtrate tested for magnesia. 
Pure distilled water took up from all the experimental 
earths, sulphuric acid and chlorine, besides traces of lime, 
magnesia, and soda, and occasionally also of potash, but 
mostly in inappreciable quantities. The alkalies, as well 
as the lime and the magnesia, seem to be dissolved by the 
agency of organic matters, as the dried residues blackened 
upon heating, and effervesced with acids after ignition. 


Quantities of magnesia dissolved severally out of 300 grammes of earth 

hy one litre of 


Distilled water 
Milligr. of magnesia 

Bogenhausen earth . . . 30*2 

Schleissheim „ . . .31*6 

Bogenhausen subsoil . . . 12*2 

Earth from Botanic Gardens . 45*4 

„ Bogenhausen, No. I.* 26*6 

„ „ No. II. 38*2 

„ Schornhof . . 8*6 

.. a cotton field, Alabama 1*9 


Gypsum water 
Milligr. of magnesia 

70*6 

87-8 

84*2 

168*6 

101*6 

98*0 

63*4 

3-8 


These figures show that dressing a field with sulphate 
of lime makes the magnesia in the soil soluble and dis- 
tributable. If the action which gypsum exercises upon 
the growth of clover depends really upon an increased 
supply of magnesia, this must surely be looked upon as 
One of the most curious facts known, since the increased 


* On this field it had been experimentally proved that dressing with 
gypsum would give a larger clover crop. No. I. had not yet been 
manured with gypsum, No. II. had. 
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supply is effected here by the aid of a lime salt. An 
experiment, made specially for the purpose, showed that 
the contact of arable earth with the solution of sulphate 
of lime is attended by an actual substitution of magnesia 
for lime ; that is to say, a certain quanti^ of lime is with- 
drawn from the solution and" combines with the earth, 
whilst the liberated sulphuric acid, which was united to 
the lime, withdraws from the earth an equivalent quan- 
tity of magnesia. In a litre of gypsum water which 
had been in contact with 300 grammes of earth from a 
wheat-field, there were found the following quantities of 
sulphuric acid, magnesia, and lime : — 


Sulphuric acid 
Lime . 
Magnesia 


The pure (gypsum 
water 

contained in 1 litre 

. 1*170 grammes 

. 0*820 „ 


The gypsum water which 
hail been in contact 
with the earth 

1*180 grammes 
0*736 „ 

0*074 „ 


Besides the magnesia, a certain amount of potash also 
seems to be dissolved out of the earth by aid of the 
gypsum. 

Out of 1000 grammes of earth from a wheat-field, 
there was dissolved by — 

3 litres of pure water 3 litres of gypsum water 

Potash . . . 24*3 milligr. 43*6 milligr. 


These experiments show that the action of gypsum is 
very complex, and that it promotes the distribution of 
both magnesia and potash in the ground. This much 
is certain, that gypsum exercises a chemical action upon 
the soil, which extends to any depth of it, and that in 
consequence of the chemical and mechanical modification 
of the earth particles of certain nutritive elements be- 
come accessible to, and available for, the clover plant, 
which were not so before. 

The cause of the action of a manuring agent is 
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usually sought for in the composition of the plant, but I 
do not think that this is always to be rehed upon. The 
composition of the seed of plants of wheat, for instance, 
is so constant, or varies so httle, that it is quite impossible 
to infer from the results of the analysis of the seeds 
whether the soil on which they grow abounded or was 
deficient in phosphoric acid, nitrogen, potash, &c. The 
abundance or deficiency of food in a field exercises an 
influence upon the number and weight of the seeds, but 
not upon the relative proportion of their component 
elements. Thus, for instance, Pincus found a somewhat 
larger percentage of magnesia in the unmanured clover 
than in the plants manured with the sulphates ; but 
taking the magnesia of the whole crop, the quantity of 
this substance was much larger in the latter than in the 
former. 

Amount of magnesia in — 

Manured Manured 

XJnmanured with with sulphate 

gypsum of magnesia 

100 parts of ash of clover-hay . 5'87 5-47 5’27 

In the whole crop . . . 8'8 lbs. 13*29 lbs. 13*54 lbs. 

Variations in the percentage proportions of potash, 
hme, and magnesia, may be often observed in all those 
plants in which, as in the case of tobacco, the vine, and 
the clover plant, potash may be substituted for hme, and 
vice versa. But in such cases the decrease of one body 
is invariably attended by a corresponding increase of the 
other. 

N^ow if gypsum has the property ot effecting a distri- 
bution of the potash in the ground, and this is wanting 
in magnesia, more potash should be contained in the 
clover manured with gypsum than with sulphate of 
magnesia. According to the analysis made by Pincus, 
the ash of the clover-hay contained : — 
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In per cent. . | 

In the whole ash 


Potash . 
Lime . 
Potash . 
Lime . 


Clover 

Clover manured 

manured with 

with sulphate 

gypsum 

of magnesia 

35-37 lbs. 

82-91 lbs. 

19-17 „ 

20-66 „ 

85-9 „ 

84-6 „ 

46-6 „ 

53-2 „ 




These figures show that the quantity of potash is 
indeed larger, and that of hme smaller, in the crop pro- 
duced by manuring with sulphate of hme than in tjie 
higher crop from sulphate of magneiia. 

In the cldver-hay reaped from the latter plot, the defi- 
cient potash was manifestly replaced by lime, and in the 
clover-hay from the gypsum manure plot, a certain 
amount of hme by potash. 

An investigation, made with m^ch carefulness, and 
without the least bias, as this by Pincus, appears, among 
the frivolous and loosely-conducted researches with which 
agriculture unfortunately abounds, like a green oasis 
in a dreary desert, and is well calculated to show how 
much real knowledge remains still to be gained of the 
processes in the soil with respect to the nutrition of 
plants. (See ‘ Agriculturo-chemical and Chemical Ee- 
searches and Experiments made by Dr. Pincus, at the 
Insterburg Station for Agriculturo-chemical and Physical 
Experiments.’ Gumbinnen. 1861.) 

Lime . — I have, unfortunately, never had an oppor- 
tunity of examining a soil on which a lime-dressing has 
exercised a beneficial effect, as this substance is not used 
by farmers in the neighbourhood either of Giessen or of 
Munich. The experiments made by Kuhlmann, on mea- 
dows, in the years 1845 and 1846, seem to show that 
lime is principally useful in altering the condition of the 
soil ; but having no data before me as to the particular 
soil on which these experiments were made, I am unable 
to point out wherein this alteration consists. 
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Hay crop reaped^ per hectare, 1845 and 1846. 

kilos. kilos. 

Meadow unmanured . . . .11263 — 

„ manured with 300 kilos, of slaked 
lime, each year . . . . . 14263 Increase 3000 

„ manured with 500 kilos, of chalk 
each year . . . . .10706 Decrease 556 

It may safely be taken for granted here, that if the lime 
had acted as a nutritive element in the developement of 
the meadow plants, ^he plot manured with carbonate of 
lime ought to have given a higher, but assuredly in no 
case an inferior crop, than the unmanured plot. But the 
very reverse is the case : the carbonate of lime, which 
could only spread through the soil dissolved in carbonic 
acid, had an unfavoutable effect ; the caustic hme, on the 
contrary, was beneficial. 

Among the Saxon experiments already so often alluded 
to, there are two of sufficient importance to deserve par- 
ticular mention here. One of these was made by 
Traeger, of Oberbobritzsch ; the other by Trager, of 
Friedersdorf. The latter omitted to make a comparative 
experiment to show the difference between the produce 
from a plot manured with lime, and that from an unma- 
nured plot of the same size. Instead of the latter, there- 
fore, I placed here by the side of the lime experiment, for 
the sake of comparison, another made with ground bones 
on a plot of the same size. 

Experiment at Oberhohritzscli. 

Lime manuring (110 cwts. quick limo). 



Produce per aore 

Produce per acre 


unmanured 

manured with lime 




/ 



Com 

■h 

Com 



lbs. 

lbs. 

lbs. 

lbs. 

1851. Rye . 

1463 

3016 

1812 

3773 

1863. Oats . 

1628 

1812 

1748 

2320 

1862. Potatoes 

9761 


11021 


1864. Clover-hay 

911 

— 

2942 

— 
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Experiment at Friedersdorf. 
Lime manuring (same quantity as above). 



Produce per acre, manured 

Produce per acre 


with 1644 lb&. ground bones 

maniured with lime 





r 





Com 





lbs.- 

lbs. 

lbs. 

lbs. 

1851. Ryo 

990 

3273 

1012 

3188 

1863. Oats . 

1250 

2220 

1362 

2280 

1852. Potatoes . 

8994 

— 

12357 

— 

1864. Clovor-hay 

4614 

— 

4438 

— 


Guano produced, in the year 1854, on the field at 
Oberbobritzsch, a higher clover crop than the lime (see 
page 266) ; but on the field at Friedersdorf it was smaller. 
616 lbs. of guano produced, at Friedersdorf, 2337 lbs., 
at Oberbobritzsch, 5044 lbs., of clover-hay. 

Experiments, in which I brought lime-water in contact 
with different samples of arable soil, have shown that the 
latter possesses a similar absorptive power for lime as for 
potash and ammonia. The earth was mixed with lime- 
water, and after remaining at rest until all alkaline reac- 
tion had disappeared, a fresh quantity of lime-water was 
then added, just sufficient to cause a feeble but permanent 
alkaline reaction. 


Experiments on the amount of lime taken up out of dime-water hy 

different arable soils. 



Lime out of lime-water , 



N 


grms. grains 

grms. grains 

1 litre* of Bogenhausen earth took up . 

2'824=43'5 

2259 = 34788 

1 „ Schleissheim earth 

2-397= 37-0 

1917=29621 

1 „ earth from Botanic Gardens 

3-000 =46-2 

2400 = 36960 

1 „ subsoil from Bogenhausen . 

3-288 = 60-6 

2630=40502. 

1 „ wheat soil .... 

2-Wl=38-0 

1976 = 30430 

1 „ from* the same field after bearing 


% 

* a crop of clover . 

2-471 = 38*0 

1976 = 30430 

1 „ of turf powder 

6-301 = 97-0 

6040 = 77616 


* 1 Litre =1 cubic decimetre =61 cubic inches. 
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The investigation into the alterations produced in the 
earth by the absorption of hme, more especially as 
regards potash and silicic acid rendered soluble, is not yet 
terminated. 
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APPENDIX A (page 17). 

EXAMINATION OF BEECH-LEAVES AT DIFFERENT STAGES OF GROWTH. 

(dr. ZOELLER.) 

Beech leaves and asparagus, their ash-constituents at different periods of 
growth — The amylum of the palm — Motion of sap in plants — Drain, 
lysimeter, river, and bog water, their constituents — Fontinalis antipyretica 
from two different waters, ash-constituents — Vegetation of maize in 
solutions of its food — Experiments on the growth of beans in pure and 
prepared turf, results — .Tapancse agriculture — The cultivated soil of 
the torrid zone, its exhaustibjlity, its manm’e — Analysis of clover by 
Pincus — Clover sickness, its cause. 

rriHE beech tree {fagus sylvatica), from which the leaves 
i examined were gathered, stands in the Botanical Garden of 
Munich. The leaves marked I. period were taken from tjie tree 
of four different sizes, on May 16, 1861. The smallest leaves a 
were just unfolded from the leaf-bud, whilst those marked d 
were fully expanded. There were between a and d a difference 
of four days’ growth. The other two sets, marked severally b 
and c, were in size and period of growth intermediate between 
a and d. The leaves of the I. period were very delicate, and of 
yellowish green colour. 

The leaves of the II. period were gathered on July 18, those 
of the III. period on October 15, 1861. The leaves of ea^ 
period possessed among themselves the same size and firmness 
of structure. The colour of the July leaves was dark green, of 
those of October somewhat lighter. 

A A 
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The leaves of the TV. period were from the same tree, but 
had been gathered in the end of November, 1860. They had 


withered on the tree, and were quite dry. 




One hundred parts by weight of the fresh beech leaves 

con- 

tained : — 


I. 

Period 


II. 

Period 

III. 

Period 

Dry substance 

f 

a/* 

30-29 

b 

22-04 

2D63 

d '' 

21-52 

44-13 

43-23 

Water 

69-71 

77-96 

78-47 

78-46 

55-87 

66-77 

One thousand fresh leaves contained, in grammes : — 


Dry substance 

10-01 

15-90 

32-63 

60-00 

116-16 

117-53 

Water 

22-61 

67-26 

118-91 

218-31 

147-04 

164-33 

Total weight of 1000 leaves . 

32-62 

73-16 

151-54 

278-31 

263-20 

271-86 

Ash of dry leaves per cent. 

4-65 

6-40 

6-82 

6-76 

7-57 

10-15 


The amount of water in the air-dried leaves of the IV. 
period was 11*89 per cent. The quantity of ash left by the 
dried leaves was 8*70 per cent. 

For the ash analysis of the.leaves of the period I., an equal 
number of leaves c, d, were incinerated. 

One hundred parts of the ash of the leaves contained : — 



I. Period 

II. Period 

III. Period 

IV. Ptjriod 


loth May 

]8th July 

14th October 

End of Nov. 

► 

1861 

18CI 

18G1 

18G0 

Sodsr • • • • ■ 

2-30 

2-34 

1-01 

* 

Potash* .... 

29-95 

10-72 

4-85 

0-99 

Magnesia .... 

3-10 

3-62 

2-79 

7-13 

Lime .... 

9-83 

26-46 

34-05 

34-13 

Sesquioxide of iron . 

0-59 

0-91 

0-94 

1-10 

Phosphoric acid 

24-21 

6-18 

3-48 

1-95 

Sulphuric acid . 

* 

^ * 

* 

4-98 

Silicic acid 

1-19 

13-37 

20-68 

24-37 

Carbonic acid and consti- 
tuents not determined . 

28-83 

37-60 

32-20 

25 35 

Total 

100-00 

100-00 

100 00 

100-00 


^ Not determined. 
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AnahjsU of the ash of the leaves of the horse-chestntd and the walntd tree, hj 
E. Stappel. (‘An. der Chem. und Pharm.,’ vol. Ixxvi. p. 372.) 



Horse-chestnut 

Walnut-tree 


Spring 

Autumn 

Spring 

Autumn 

Moisture in 100 parts of fresh 
substance, dried at 212® Fahr. 

82*09 

66*27 

82*15 

63*31 

Per cents of ash in the fresh sub- 
stance ..... 

1*376 

3*288 

1*092 

2*570 

Per cents of ash in the dried 
substance .... 

7*69 

7*52 

7*719 

7*005 

100 parts of ash contained : 





Potash 

46*38 

14*17 

42*04 

25*48 

Lime 

13*17 

40*48 

26*86 

63*65 

Magnesia . . . . 

6*15 

7*78 

4*55 

9*83 

Alumina 

0*41 

0-51 

0*18 

0*06 

SesqriioAie of iron . 

1 1*63 

469 

0*42 

0*62 

Sidphuric acid .... 

2*45 

1*69 

2*68 

2*65 

Silicic acid .... 

1*76 

13*91 

1*21 

2*02 

Phosphoric acid 

24*40 

8*22 

21*12 

4*04 

Chloride of potassium 

4*65 

8*55 

1*04 

1*73 

Total . 

100*00 

100*00 

100*00 

99*98 


Analysis of the ash of flotvering asparagm shoots, and of withered shoots with 

ripe fmit . — Dk. Zoeller. 



I. 

n. * 


I’lowering 

Autumn shoots 


shoots 

with ripe fruit 

Moisture in 100 parts of the fresh substance, dried 



at ^12-® Fahr. 

84*34 

69*23 

Per cents of ash of the fresh substance 

0*946 

4*13 

„ „ dried „ . . . 

6*060 

10*13 

100 parts of ash contain *. j 



Soda . . ^ 

6*11 

5*25 

Potash 

34*40 

11*77 

Magnesia 

4*69 

361 

Lime 

9*07 

24*05 

Sesquioxide of iron 

0*62 

0*94 

Phosphoric acid ....... 

12*64 

7*33 

Silicic acid 

1*85 

9*68 

Constituents not determined, &e. 

31*82 

37*37 

Total .... 

100*00 

100*00 


The asparagus shoots analysed came from the Botanical 
Garden at Munich. The flowering shoots were cut close to the 
ground, on June 20, 1861 ; the autumn shoots were cut in the 
same way, from the same plant, on October 28, 1861. 

A A 2 

















356 


APPENDIX B. 


APPENDIX B (page 26). 

ON THE STARCH IN THE STEMS OF PALMS. 

The quantity of starch in one and the same stem differs to an 
extraordinary degree with the age of the plant, and the periods 
of flowering and fructification. 

The generation of starch will in some instances rapidly 
increase not only within the cells, but occasionally even at the 
expense of the cellular tissue. Thus, in the root-stock of Sabal 
Mexicana, an abundance of starch is sometimes found, not only 
in the* interior of the cells, but also outside the latter. But 
this phenomena is most striking in the East India Sago Palms 
(Metroxylon), in which it can be clearly observed tjjat the 
generation of starch proceeds in distinct periods, and is in inti- 
mate organic connection with the developement of the flowers 
and fruit. The Malays are in the habit of speaking of the tree 
as if it were with young at this period, during which it generates 
in its interior a large quantity of starch, forming the store of 
organic matter, out of which are to be produced, after liquefac- 
tion, new ligneous particles, and flowers, and fruit. This state- 
men.t is peculiarly applicable to the Metroxylon Rumphii Mart. 
{Sayus genuhm Rumjph.) This tree, which is a perfect che- 
mical laboratory for the preparation of starch, is monocarpous, 
that is to say, it flowers and bears fruit only once, and then dies. 
It has by that time attained a height of from 28 to 30* feet. 
The stem, which is cylindrical, and more than a foot in diameter, 
consists of a mere shell, about one and a half to two inches 
thick, of a whitish wood of no great degree, of hardness. 
Within the shell is enclosed a mass of spongy tissue formed of 
interlaced fibres, the cells of which are filled with starch 
granules. In the first stage of growth, whilst the stem still 
remains unripe, if the expression may be allowed, it contains 
only an inconsiderable quantity of starch. As growth progresses, 
and the base of the leaf stalks, and the upper part of the stem 
begins to be covered with long fibrous filaments or prickles, the 
quantity of starch increases. 

The period of the greatest increase is indicated by the shed- 
ding of these prickles, and by the leaves being covered with a 
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sort of white rime, as if powdered lime had been dusted over’ 
them. The Malays call this stage the Maaputih, i.e. the tree 
grows white. From the apex of the stem shoots forth at this stage 
the flower-stalk, which at a later period crowns the tree like an 
immense antler, bearing thousands of flowers, which are replaced 
afterwards by spherical fruit covered with scales. When the 
flower- stalk attains a length of one foot, the tree has entered 
that stage wjjich the Malays term Saga hontingt that is with 
young. A small quantity of the starch is now taken up for the 
formation of the woody fibre of the flower-stalks. Finally 
arrives the period which the Malays term Majang bam, i. e. the 
young comes forth. The flower-stalk at the apex of the stem 
now attains a length of four feet, but the spathes out oi which 
the floral branches are to project, are hot yet opened. The tree 
may pass through these three stages without any great reduction 
of the store of starch ; but at the next stage, termed Batsja 
Bang, i.e. the shoot branches out, when the flower-stalk 
measures from six to ten feet in height, and ten feet in circum- 
ference, the greater portion of the starch is formed into thick 
woody fibre, and still more is this the case in the two last stages 
of the flower (Siriboa) and fruit (Bahoa), when there remains 
no longer any starch. A healthy tree produces between 400 
and 800 lbs. of starch (the sago prepared from this is not sent 
to the European markets, but is consumed in the country). 
The palm, which produces the chief portion of the sago con- 
sumed in Europe, is the Metroxylon laeve Mart, of Malacca, the 
wild stems of which give four to five and a half picols of sago, 
whilst two to three picols only are obtained from those cultivated 
in gardens. 


APPENDIX C (page 54). 

VEGETABLE STATICS, LONDON, l727. 

The experiments made by Hales on the motion of the sap in 
vegetables, may be looked upon as the best model for all times 
of the most perfect method of investigation. That they are 
still at the present day unsurpassed in vegetable physiology may, 
perhaps, be attributed to the circumstance of their dating from 
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• the age of Newton. They deserve a place in every work treat- 
ing of the physiology of plants. 

In the beginning of his work Hales describes the experiments 
made by him on the motion of the sap in vegetables arising 
from the exhalation from their surface. These experiments 
were made with leafy branches, plants cut off from the roots, 
and others still retaining their roots. 

The force of the pressure of a column of w^er, both with 
and without the cooperation of exhalation, was shown by the 
following experiment. 

He fixed an^apple-branch, three feet long, half-inch in diameter, 
full of leaves and lateral shoots, to a tube seven feet long, and 
five-eighths of an inch in diameter. He filled the tube with 
water, and then immersed the whole branch up to the lower end 
of the tube, in a vessel full of water. The water was driven 
into the branch by the pressure of the column of water in the 
tube, which subsided fourteen and a quarter inches in two 
days. 

On the third day he removed the branch and tube out of the 
water, and hung it up in the open air ; the water in the tube fell 
now twei5y-seven inches in twelve hours. 

To determine the comparative force with which the water is 
driven through the vessels of the ligneous body by pressure alone, 
and by pressure and exhalation combined, Hales joined a leafy 
apple branch to a tube nine feet long filled with water. In 
consequence of the pressure of the column of water and of the 
exhalation taking place from the surface of the leaves and 
twigs, the water in the tube (fortieth experiment) sank 36 inches 
in an ho\ir. He then cut off the branch 13 inches below the 
glass tube, and placed fhe cut portion (with leaves and twigs) 
upright in a vessel with water. It was found to imbibe 18 ozs. 
of water in 30 hours ; in which time only 6 ozs. of water had 
passed through the 13 inches of the stem connected with the 
tube, and that too under the pressure of a column of water 
7 feet high. 

In three other experiments. Hales shows that though the 
sap-vessels of plants will imbibe water plentifully by capillary 
attraction in branches sevefed from the trunk, as well as in 
those left in connection with the uninjured roots, they have 
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very little power to protrude sap out at their extremities, and* 
make it rise in a tube fixed to them. 

The motion of the sap. Hales concludes, is to be attributed 
to the exhalation from the surface alone, and he proves that it 
proceeds in an equal degree from the trunk, branches, leaves, 
flower and fruit, and that the effect of the exhalation bears 
a certain definite ratio to the temperature and moisture of the 
air. WTien the atmosphere was charged with humidity little 
water was imbibed, and on rainy days the absorption was barely 
perceptible. Hales opens this second chapter of his statics 
with the following introductory remarks ^ 

‘ Having in the first chapter seen many proofs of the great 
quantity of liquid imbibed and perspired by vegetables, I pro- 
pose in this to inquire with what force they do imbibe moisture. 

‘ Though vegetables (which are inanimate) have not an ' 
engine which by its alternate dilatations and contractions does in 
animals forcibly drive the blood through the arteries and veins, 
yet has nature wonderfully contrived other means, most power- 
fully to raise and keep in motion the sap.’ 

In his twenty-first experiment he laid bare one of the chief 
roots of a thriving pear-tree at a depth of 2 J feet, cut off the 
en(i of the root, and connected the remaining stump with a 
glass tube filled with water and confined by mercury. This 
glass tube represents the root lengthened. 

By the perspiration from the surface of the tree, the root 
imbibed the water in the tube with such vigour that in six 
minutes the mercury had risen in the tube as high as 8 inches, 
which corresponds to a column of water 9 feet in height 

This force is very nearly equal to that with which the blood 
moves in the great crural artery of a horse. ‘ I found,’ says 
Hales, in his thirty-sixth experiment, ‘ the force of the blood 
of several animals, by tying ^Jiern down alive upon their backs, 
then laying open the great crural artery where it first enters 
the thigh, and fixing to it, by means of two brass pipes running 
one into the other, a glass tube above ten feet long and one- 
eighth of an, inch in diameter. In this tube the blood of one 
horse rose eight feet three inches, and the blood of another 
horse eight feet nine inches; the blood of a little dog, six 
feet and a half.’ 
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Hales . proved, by special experiments, that the force of 
suction shown by him to be possessed by the roots of plants, is 
exercised equally by every individual branch, shoot, leaf, and 
fruit, in short, by every portion of the surface; that the 
motion of the sap from the root to the branches and leaves 
continues even when the trunk is, in any part, completely 
stripped of the outer and inner bark, and that this force -of 
suction acts not only from the roots towards the top, but also 
from the latter towards the roots. 

He concludes, from the results of his experiments, that every 
part of the plant is endowed with a powerful force of attraction. 

We know now that it was not this force of attraction in itself 
that made the mercury and the water rise in Hales’ tubes ; 
and his experiments clearly show that the imbibing force of 
plants, and of every leaf and root-fibre, arising from surface 
exhalation, is aided by a powerful force from without, which is 
shnply atmospheric pressure. 

By the evaporation of the water from the surface of plants 
a vacuum is created therein, and in consequence thereof water 
and gases soluble in that fluid are readily forced in from witliout 
and raised by the pressure of the atmosphere, and it is this pres- 
sure from without which, together with capillary attraction, con- 
stitutes the principal cause of the motion and diffusion of the sap. 

That the surface of plants possesses the faculty of imbibing 
gases, is most conclusively demonstrated by Hales. In his twenty- 
second experiment he says : — ‘ The height to which the mercury 
rose in the tube did in some measure show the force with which the 
sap was imbibed, though not nearly the whole force ; for while 
the water was imbibing, the transverse cut of the branch was 
covered with innumerable little hemispheres of air, and many 
air-bubbles issued out of the sap-vessels, which air did in part 
fill the tube as the water was (jfawn out of it*; so that the 
height of the mercury could only be proportionable to the 
excess of the quantity of water drawn off, above the quantity 
of air which issued out of the wood. 

‘ And if the quantity of air, which issued fropa the wood 
into the tube, had been equal to the quantity of water imbibed, 
then the mercury would riot have risen at all, because there 
would have been no room for it in the tube. 
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‘ But if nine par^ in twelve of the water be imbibed by the 
branch, and in the meantime but three such parts of air issue 
into the tube, then the mercury must needs rise near six inches, 
and so proportionately in different cases.’ 

When, in Hales’ experiments, the root, the stem, or a branch 
had been wounded in any part by cutting off root-fibres, or 
buds, or smaller twijs, the imbibing p^er was found to be 
diminished in the other parts (because at those wounded spots 
the difference in the pressure was more readily equalised by 
air finding its way in). The imbibing power was greatest about 
fresh cuts, but it gradually diminished until, after a few days, * 
it remained no stronger about the cut than about the uninjured 
parts. Hales further concludes the exhalation from the surface 
to be the powerful cause that conveys nutriment to the plant 
from the parts surrounding it. If the proper proportion 
between the exhalation and the supply of food is in any way 
disturbed, the plant sickens and dies. If, in hot summers, the 
soil is unable to supply to the roots the moisture carried off in 
the course of the day by exhalation from the leaves, &c., and 
the tree or a branch of it is dried up, the motion of the sap 
ceases in such parts. Once dried up, the original action cannot 
be restored by capillary attraction alone. Exhalation is the 
chief condition of the life of the plant, serving, as it does, to 
effect and maintain a continual motion of the sap, and a co#* 
stantly recurring change in its condition. 

‘ By comparing,’ says Hales, ‘ the surface of the roots of a 
pl^nt with the surface of the same plant above ground, we see 
the necessity of cutting off many branches from a transplanted 
tree. Suppose upon digging the plant up, in order to trans- • 
plant it, half the roots be cut off (which is the case of most 
young transplanted trees), then it is plain that but half the 
usual nourishment can be carried up through the roots, and 
that accordingly the perspiring surface above ground must be 
correspondingly reduced in order to restore the proper propor- 
tion between it and the imbibing surface under ground.’ In 
the following observations on hop-vines. Hales shows the effect 
of suppressed perspiration ; — 

‘ The soil of an acre of ground on which 9000 hop-vines 
are growing, must suppljito the plants, through the roots, in 
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July, 36,000 ozs. of water in twelve hours. *This is the quantity 
of water which during this time is exhaled by them, and which 
they must have to be in a thriving condition. 

‘ In a kindly state of the air,*this moisture is daily carried 
off in sufficient quantity to keep the hops in a healthy state ; 
but in a rainy moist state of air, without a due mixture of dry 
weather, too much Aoisture hovers abdtit the hops, so as to 
hinder, in a great measure, the kindly perspiration of the leaves, 
whereby the stagnating sap corrupts, and breeds mould. 

‘ This was the case in the year 1723, when ten or fourteen 
days almost continual rains fell, about the latter half of July, 
after four months’ dry weather ; upon which the most flourishing 
and promising hops were all infested with mould in their leaves 
and fruit, while the then poor and unpromising hops escaped, 
and produced plenty ; because they being small, did not perspire 
so great a quantity as the others ; nor did they confine the per-* 
spired vapour so much as the large thriving vines did in their 
shady thickets. 

* This rain on the then warm earth made the grass shoot out 
as fast as if it were in a hot-bed ; and the apples grew so pre- 
cipitately, that they were of a very fleshy constitution, so as to 
rot more remarkably than had ever been remembered. 

^ The planters observe that when mould has once seized any 
]ilrt of the ground, it soon runs over the whole, and that the 
grass and other herbs under the hops are infected with it ; pro- 
bably because the small seeds of this quick growing mould, 
which soon come to maturity, are blown over the whole groined ; 
which spreading of the seed may be the reason why some 
grounds are infected with fen for several years successively. 

* I have,’ says Hales, ‘ in July (the season for fi're-blasts, as the 
planters call them), seen the vines in the middle of a hop 
ground all scorched up, almost from one end of a large ground 
to the other, when a hot gleam of sunshine has come immedi- 
ately after a shower of rain ; at which time the vapours are often 
seen with the naked eye, but especially with reflecting telescopes, 
to ^cend so plentifully as to make a clear and distinct object 
become immediately very dim and tremulous. Nor was there 
any dry gravelly bed in the ground, along the course of this 
scorch. It was, therefore, probably •^nng to the much greater 
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quantity of scorching vapours in the middle than outside of the 
ground, and that being a denser medium, it was much hotter 
than a more rare medium. 

‘ The gardeners about London have, to their cost, too often 
had occasion to observe a similar effect, when they have incau- 
tiously put bell-glasses over their cauliflowers early on a frosty 
morning, before the dew was evaporated off them ; which dew 
being raised by the sun’s warmth, and confined within the glass, 
did then form a dense transparent scalding vapour, which burnt 
and killed the plants.’ 

These observations translated into the language of the present 
day clearly show how acutely and exactly Hales comprehended 
the influence of perspiration upon the life of plants. 

According to him, the proper thriving of plants depends 
upon the supply of food and moisture from the soil, which 
^gain is governed in a measure by a certain temperature and 
dryness of the atmosphere. The imbibing power of plants, — 
the motion of the sap in them, — is dependent upon exhalation; 
the quantity of food imbibed and needed for the functions of the 
plant, is proportionate to the quantity of moisture exhaled in a 
given time. If the plant has imbibed a maximum of fluid, and 
the exhalation is hindered by a low temperature, or by long- 
continued wet weather, the supply of food, or the nutrition of 
the plant stops, the sap stagnates, and an alteration ensues 
tending to the generation of parasitical microscopic growths. 
If rain falls after hot weather, followed by a strong heat without 
wind, and every part of the plant is surrounded with an atmo- 
sphere saturated with moisture, cooling by further exhalation 
ceases, and the plants succumb to the sun-blasts. 


APPENDIX D (page 91). 

ANALYSES OF DRAINAOE, LYSIMBTER, RIVER, AND MARSH WATER. 

I . — Drainage Water, 

Thomas Way found in drainage water taken from seven dif- 
ferent fields, the following constituents (‘ Journal of the Roy. 
Agric. Soc.,’voI. xvii. 133)**: — 
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Grdns in 1 Gallons 10,000 grains of water 




1 

2 

3 

4 

6 

6 

B 

Potash 

• 

• 

trace 

trace 

0*02 

006 

trace 

0 22 

trace 

Soda . 

• 


100 

2*17 

2*26 

0*87 

1*42 

1*40 

3*20 

Lime . 

• 


4*85 

7*19 

6*05 

2*26 

2*52 

6*82 

13*00 

Magnesia . 

• 



2*32 

2*48 

0*41 

0*21 

0-93 

2*50 

Sesquioxide of 

iron 

and 








alumina . 

• 



0*05 

0*10 


1*30 

0*36 

0*60 

Silicic acid . 

• 



0*46 

0*66 

1*20 

1*80 

0*66 

0*85 

Chlorine . 

• 



1*10 

1*27 

0*81 

1*26 

1*21 

2*62 

Sulphuric acid . 

• 


1-65 

6*16 

4*40 

1*71 

1*29 

3*12 

9*51 

Phosphoric acid . 

• 


trace 

0*12 

trace 

trace 

0*08 

0*06 

0*12 

Ammonia . 

• 


0*018 

0*018 

0018 

0012 

0*018 

0*018 

0*006 


Very simifar results were obtained by Dr. Krocker in his 
analyses of drainage water from Proskau. (See Liebig and 
Kopp’s ‘ Jahresbericht ’ for 1853, page 742.) ^ 


Organic matter 

Carbonate of lime 

Sulphate of lime 

Nitrate of lime .... 

Oarbonate of magnesia 

Carbonate of protoxide of iron . 

Potash 

Soda ..... 
Chloride of sodium . 

Silica 

Total solid matter 


Drainage Water (in 10,000 parts) 


a 

b 

c • 

d 

m 

/* 

0*25 

0*24 




■ 

0*84 

0*84 

1-27 


■iPb 

Hi 

2*08 

2*10 

1*14 

0*17 

0*77 

0*72 

002 

0*02 



0*02 

0*02 

0*70 

0*69 



0*27 

016 

0*04 

0*04 



0*02 

0*01 

0*02 

0*02 



0*04 

0*06 

0*11 

0*16 

0*13 


0*06 

004 

008 

0*08 

0*07 


0*01 

0-01 

ao7 

007 



0 06 

0*05 

4*21 

4*26 

3*37 

1*63 

2*68 

2*47 


* a. Drainage water from land A (a clay soil resting on a subsoil of calcareous 
loam or clay), collected 1st April, 1853. — 5. The same, collected 1st May, 1863, 
after a heavy fall of rain (218 cubic inches on the square foot). — c. Drainage water 
from the same soil, mixed with drainage water from a humous clay soil, with 
calcareous clay or loam as subsoil, collected in October 1863. — d. Drainage water 
from land B (tile-drained ; subsoil of calcareous clay or loam), collected in October 
1863.— e. Water passing through the water-furrows from a heavy clay soil, collected 
in the beginning of June.—/. The same, collected in the mid^e of August, after 
heavy rains. 
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IL — Lyakneter Water, 

Lysimeter water is atmospheric water passed by means of 
suitable apparatus (Lysimeter) through different soils, and col- 
lected srfter passing through. (See page 92.) 

The cheihical analyses embraced four series, and were made 
by Dr. Zoeller. 

1 . — Senes of ayialyses made in 1857. 

The experiments were made with five different soils, 1 square 
foot of each earth, 6 inches deep, being placed in the several 
lysimeters. The quantities given represent the amount of 
atmospheric water that passed through the several lysimeters 
from April 7 to October 7, 1857. I. Manured calcareous soil, 
with vegetation (barley). II. Unmanured clay soil, with vege- 
tation. III. Unmanured clay soil, without vegetation. IV, 
Manured clay soil, without vegetation. V. Manured clay soil, 
•with vegetation. (?lb8. cattle-dung, without straw, were seve- 
rally used to manure the earth in lysimeters I., IV., and V.) 


1 # 

I. 

II. 

III. 

IV. 

V. 1 

Quantity of water passed 

cub. cent. 

cub. cent. 

cub. cent. 

cub. cent. 

cub. cent. 

through soil in lysimeter 

9845 

18575 

18148 

19790 

12302 

Solid residue left at 212° F. 

grammes 

grammes 

grammes 

grammes 

grammes 

4-651 

4-73 

5-291 


3*686 

Ash of solid residue . 

3-127 

3-283 

3-545 

4-245 


Potash .... 

0-064 



HUB 


Soda 

0-070 




B^^l 

Lime 

1-436* 



1*364 

1*136 

Magnesia .... 

0-203 





Sesquioxide of iron . 

0-013 


0-150 

0*114 


Chlorine .... 

0-566 

0-177 

0-379 

0*781 

WSeSM 

Phosphoric acid 

0-022 

trace 

trace 

trace 

trace 

Sulphuric acid . 

0-172 

0-504 

0-515 

0*580 

mgsmi 

I^licic acid 

0-103 

0-210 

0-317 

0*188 

0*115 

Clay and sand . 

0-089 


0*112 

0*045 

0-047 

Total 

Deduct equivalent of oxygen 

2*738 

2*467 

2*954 

3*698 

2*381 

corresponding to chlorine 

0*127 

0*040 

0*085 

0*176 

0-096 

Balance . 

2-611 ' 

2*427 

2*869 

3*522 

2-286 

Carbonic acid and loss 

2*040 

2*303 

2*422 

2*618 

1*400 

Total 

4*651 

4*730 

6*291 

6*040 

3*686 
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. 1,000,000 litres of water, passed through 6 inches of the soils 
already described, contain — 



I. 

II. 

ni. 

IV. 

« 

♦ V. 


grammes 

grammes 



grammes 

Solid residue loft at 212° P. 

472-32 

254*64 

292-64 


291-50 

Ash contained in it . 

317-62 

176-74 

19478 

214-50 

212-16 

Potash .... 

6-50 

2-37 

2-03 

5-46 

3-82 

Soda 

7-11 

5-60 

7-43 

23-74 

6-^2 

Lime .... 

145-86 

57-60 

70-80 

68-41 

92-34 

Magnesia .... 

20-52 

8-88 

1-32 

2-93 

5-12 

Oxide of iron . 

1*32 

6-35 


5-76 

4-30 

Chlorine .... 

57-49 

9 -52 

20-87 

39-46 

35-27 

Phosphoric acid . 

2-23 

— 

— 

1 ^ „ • 


Sulphuric acid . 

17-47 

27-13 

27-82 

^ 29-30 

33-49 

Silicic acid (soluhle) . 

10-46 

11-35 

17*46 

9-50 

9-34 


2,— Series of analyses made in 1858. 

The waters analysed were obtained from six soils, and repre- 
sent the quantity of atmospheric water that passed, from May 10 
to Nov. 1, 1858, through a layer of earth of a square foot of 
surface and 12 inches deep. The earth was ordinary unma- 
nured alluvial lime soil , from the Isar. The plant selected for 
cultivation was the potato. I. Unmanured, and without vege- 
tation. II. Unmanured, with vegetation. III. Manured, 
10 grammes common salt, with vegetation. IV. Manured, 
10 grammes nitrate of soda, with vegetation. V. 10 grammes 
guano, with vegetation. VI. Manured, 20 grammes phos- 
phorite made soluble with hydrochloric (?) acid, with vegeta- 
tion. 
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I. 

II. 

III. 

IV. 

v. 

VI. 

Quantity of water passed 

cub. cent. 

cub. cent. 

cub. cent. 

cub. cent, 

cub. cent. 

cub. cent. 

through the soil . 

29185 


28138- 

17466 

16520 


Solid residue left at 212° F. 

grammes 


grammes 

grammes 

grammes 

grammes 

8-985 

.8-214 

14-198 

7-681 

4-864 

mmm 

Ash of the solid residue 

6-591 


12-292 

5-553 

3-704 

6-192 

Soda 

0-250 

0-245 

3-290 

1-255 

0-301 

0-233 

Potash .... 

0-075 

0-066 

0-034 

0-035 

0-032 

0-029 

Magnesia .... 

0-432 

0-443 

0-454 

0-264 

0 382 

0-374 

Lime .... 

2-416 

2-467 

2-356 

1-792 

1-378 

2-645 

Oxide of iron 

0-115 

0-083 

0-104 

0-083 

0-096 

0-117 

Chlorine .... 

0-227 

0-237 

3-925 

0-177 

0-317 

■sa 

Phosphoric acid 

trace 

trace 

0-009 

trace 

0-007 


Nitric acid 

— 

— 

— 

3-267 

— 


Sulphuric acid . 

0-132 

0-147 

0-118 

0-182 

0-197 

mEm 

Silicic acid . . . , 

0266 

0-301 

0-384 

0-303 

0-226 

0-224 

Sand . • . 

0-155 

0-237 

0-155 1 

0-105 

0 062 

0-083 

Sum 

Less the amount of oxygen 

4 068 

4-226 


7-463 

2-998 

4-644 

equivalent to.the chlorine 

0-051 

0-053 


0-039 

0-071 

0-053 

Sum 

4-017 

4-163 

9-945 

7-424 

2-927 


Loss and carbonic acid 

4-968 

4-051 

4-253 

0-257 

1-937 

mm 

Sum 

8-985 

8-214 

14-198 



7-671 

' 

4-864 

8-001 


1,000,000 litres of water, passed through 10 inches of the 
soils already described, contain — 




I. 

II. 

III. 

IV. 

V. 

VI. 



grms. 

grms. 

grms. 

grms. 

grms. 

grms. 

Solid residue left at 212°F. 

307-86 

328-46 

504-68 


294-42 


Ash contained in it 

• 

225-83 

243-69 

436-84 


224-21 


Soda 

• 

8-56 


.116-92 

71-85 

18-22 

7-55 

Potash . 

f 

2-56 


1-20 

2-00 

1-93 

0-94 

Magnesia 

• 

14-80 

17-71 

16-13 

15-11 

23-18 

12-12 

Lime 

• 

82-78 

98-65 

83-73 

102-5^ 

83-41 

85-73 

Oxide of iron 

• 

3-94 

3-31 

3-69 

4-75 

5-81 

3-79 

Chlorine 

• 

! 7-77 

9-47 

139-49 

10-13 

19-18 

7*71 

Phosphoric acid 

• 

j 

' 

0-31 

— 

0-42 

, 0-48 

Nitric acid 

• 

— 

• 

— 

187-04 

— 

— 

Sulphuric acid 

• 

4-52 

5-87 

4-19 

10-42 

11-09 

21-59 

Silicic acid 

• 

9-11 

12-03 

13-64 

17*34 

13-68 

7*26 
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3.- -Series of analyses made m 1859. 

The waters analysed were obtained from six soils, and repre- 
sent the quantity of atmospheric water that passed from March 20 
to Nov. 16, 1859, through a layer of earth of a square foot of 
surface and 12 inches deep. The earth was ordinary unmanured 
alluvial lime soil from the Isar (garden soil). All the soils 
were in grass. I. Unmanured. II. Manured, 17*8 grammes 
nitrate of potash. III. Manured, 15*4 gi’ammes sulphate of 
potash. IV. Manured, 17*8 grammes nitrate of potash, and 
3*66 grammes phosphoride made soluble with 2 grammes sul- 
phuric acid. V. Manured, 15*4 grammes sulphate of potash, 
and 3*66 grammes of phosphorite made soluble as above. VI. 
Manured, 12*3 grammes carbonate of potash. 



I. 

II. 

III. 

IV. 

V. 

VI. 

Quantity of water passed 

cubic 

cubic 

cubic 

cubic 

cubic 

cubic 

cent. 

cent. 

cent. 

cent. 

cent. 

ceil t. 

tlirougli the soil , 

20201 

14487 

20348 

17491 

23205 

22488 


grammes 

grammes 

grammes 

grammes 

grammes 

grammes 

Solid residue left at 212° F. 

4-5631 

11-4272 

15-1967 

13-6806 

20-784 

5-5878 

Ash of the solid residue •. 

3-192 

8-861 

13-644 


17-668 

4-614 

Soda .... 

0-044 

Hili 

0-083 

0-030 

0-086 

IlHi 

Potash . . . . 

0-024 


0-205 

0-231 

0-244 


Magnesia 

0-253 


0-296 

0-285 

0-320 


Lime .... 

1-530 

3-483 

6-360 

4-838 

7-112 

1-963 

Oxide of iron 

0-072 


0-072 

0-084 

0-088 

0-053 

Chlorine 

0-035 

0-080 

0-202 

0-132 

0-283 


Phosphoric acid 

trace 

trace 

trace 

trace 

trace 

trace 

Sulphuric acid 

0-289 

0-206 

6-627 

2-104 

9-124 

1-624 

Nitric acid 

1-125 

5-913 

1-301 

5-248 

1-401 

mil 

Silicic acid . ... 

0-178 

0-271 

0-208 

0-230 

0-280 

mil 

Sand .... 

0-044 

0-021 

0-036 

0-025 

0-066 

tn 

Sum 

3-594 


14-290 


18-993 

4-690 

Less the amount of oxygen 
equivalent to thd chlorine 



0-045 



0-028 

Sum . . . 

3-687 

10-549 

14-245 

13.178 


4-662 

Loss and carbonic acid . 

0-9761 

0-8782 

mm 


1-854 

0-9258 

Sum 

4-6631* 

11-4372 

15-1967 



6-5878 


1,000,000 litres of water, passed through 1 foot of the soils 
already described, contain — 
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I. 

II. 

III. 

IV. 

V. 

VI. 



grammes 

grammes 

grammes 

j grammes 

grammes 

grammes 

bolid residue left at 212® F. 

226-38 

788-78 

746-84 

782-14 

895 66 

248-48 

Ash contained in it 

• 

168-0 

611-64 

670-62 

610-66 

761-36 

205-17 

Soda 

• 

2-17 

4-76 

4-07 

1-71 

3 66 

1-68 

I’otash . 


1-18 

11-45 

10-07 

13-20 

10-61 

4-98 

Magnesia 

• 

12-62 

20-84 

14-54 

16-29 

13-79 

5-20 

Lime 

• 

76 73 

240-42 

263-41 

276-59 

306-48 

' 87-29 

Oxide of iron . 

• 

3-66 

3-93 

1 3-53 

4-80 

3-79 

2-36 

Chlorine 

• 

1-73 

6-52 

9-92 

7-54 

12-19 

5-64 

Sulphiudc acid 

• 

14-30 

14-15 

320-76 

120-29 

393-19 

23-30 

Nitric acid 

• 

65-69 

408-15 

63-93 

300-04 

60-37 

61-76 

Silicic acid 

• 

8-81 

18-70 

10-32 

13-14 

12-06 

11-96 


4 . — Series of analyses made in 1859, 1860. 

This series is a direct continuation of the third. The waters 
analysed passed through the same soils through which the 


waters of the third series had already passed. The fourth series of 
experiments continued from Nov. 16, 1859, to April 12, 1860. 


♦ 

« 

I. 

TI. 

III. 

IV. 

V. 

VI. 

Quantity of water passed 

cubic 

cubic 

cubic 

cubic 

cul)ic 

cubic 

centimtrs. 

centimtrs 

. centimtrs. 

centimti’s 

. ceutimte 

. centimtr.s 

through the soil 

13500 

12332 

13760 

13150 

16232 

14850 

# 

grammes 

Solid residue left at 

grammes 

grammes 

grammes 

grammes 

gi’ammes 






2120Fahr. . 

2-424 

2-205 

2-860 

2-640 

3-172 

2-691 

Ash of the solid residue 

2-071 

1-682 

2-395 

2-080 

2-599 

2-220 

Soda 

0-021 

0-024 

0-028 

0-022 

0-028 

0-019 

Potash 

trace 

0-008 

0-012 

0-009 

0-015 

0-015 

Magnesia . 

0-065 

0-058 

0-069 

0-074 

0-070 

0 063 

Lime 

0-770 

0-859 

1-016 

0-938 

0-952 

1*057 

Oxide of iron 

0-061 

0-066 

0-097 

0 075 

0-135 

0*049 

Chlorine . 

• 0-140 

0-042 

0-093 

0-068 

0-091 

0-084 

Phosphoric acid 

trace 

trace 

trace 

trace 

trace 

trace 

Nitric acid 

0-026 

0-101 1 

0-043 

0-077 

1 0 029 

0-046 

Sulphuric acid . 

0-119 

0-099 

► 0-487 

0-474 

0-627 

0-185 

Silica and sand * 

0-170 

0-144 

0-118 

0-163 

0-123 

0-136 

Sum 

Deduct the amount of 

1-371 

1-401 

1-963 

1-890 

1-970 

1*664 

oxygen equivalent to 





0-020 


the chlorine . 

0-024 

0-009 

0-020 

0-016 

0-018 

Sum ^ . 

1-347 

1-392 

1-943 

1-875 

1*960 

1-636 

Loss and carbonic acid 

1-077 

0-813 

0-917 

0-765 

1-222 

0*965 

Sum 

m 1 

2-424 

2-206 

2-860 

2-640 

3*172 

2*691 


. very small. 
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1,000,000 litres of water, passed through 10 inches of the 
soils already described. 





I. 

n. 

in. 

IV. 

Y. 

VI. 

Solid residue 

left 

at 

grammes 

grammes 

grammes 

grammes 

grammes 

grammes 

212° Fahr. 

• 

• 

179-66 


207*71 

200-81 

208-24 

181-21 

Ash contained 

in it 


153-47 

h||m 

174-07 

168-69 

170-62 

149-49 

Soda 

• 

• 

1-66 

1-94 

2-04 

1-73 

1-83 

1-27 

Potash . 

• 


— 

0-64 

0-92 

0-69 

0-98 

1-01 

Magnesia . 

• 


4-86 

4-70 

6-02 

6-66 

4-69 

4-24 

Lime 

• 


6704 

69-49 

73-87 

71-39 

62-60 

71*17 

Oxide of iron 

• 


4-52 

6*35 

7*06 

6-73 

8-86 

3-29 

Chlorine . 

• 


10-43 

3-40 

6-76 

6-21 

5-97 

6-65 

Nitric acid 

• 


1-91 

8-19 

3-17 

6-91 

1-90 

3-09 

Sulphuric acid . 

Silicic acid with a little 

8-86 

8-02 

35-45 

36-08. 

34-69 

12-45 

sand 

• 

• 

12-60 

11-67 

8-60 

11-65 

8-01 

9-15 


Compare ^Annal der Chem. und Phar.,’ bd. *107,, s. 27 ; 
‘ Ergebnisse landwirthsch. und Versuche der Versuch station, 
Miinchen,’ II. Heft, s. 65, und III. Heft, s, 82. 


Analj^is of ashes of plants from the rivers Ohe and Iser. — Dn. Witistein, 





Fontinalis 

Antipyretica * 




from the Ohe 

from the Iser 

Chloride of sodium . 

• • • 


0-346 

0-834 

Potash .... 
Soda ..... 

• • • 

• • • 


0- 460 

1- 745 

j. 2-325 

Lime .... 

• • • 


2-765 

18-150 

Magnesia .... 

• • • 


1-133 

5-498 

Alumina .... 

• • • 


• 9-272 

1-616 

Oxide of iron . . . 

• • » 


17-039 

9-910 

Oxide of manganese . 

• • • 


4-555 

0-850 

Sulphuric acid , 

• • • 


1-648 

2*827 

Phosphoric acid 

• • • 


trace 


Silicic acid 

• • • 


61-000 

51-494 

Carbonic acid . 

• • • 



— 

Sum 

• • • 

• 

99-953 

99-466 


* The great difference in the composition of the ashes of one and the same plant 
arises, according to Dr. Nageli, less perhaps from the different amount of these 
matters in the water than from difference of ago in the plants, and, probably more 
still &om other plants which nestle in the moss. 



















Analyses of river tvaters 


EIVER WAmR 



2 


Organic matter, carbonic acid, , ( J ohnson, ‘ Annal. d, Chem. u, Phamu’ bd. xcv, s, 226,) 
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IV. — Mo 88 water from the neighbourhood of Schleiseheim , — 

Dr. Wittstein. 

The composition of the water was found to be as follows : — 



In 1000 grammes 
of water 

In 100 parts of 
solid matter 

Chloride of sodium 

000280 

1-101 

Potash 

000022 

0-086 

Soda 

0-00661 

2-167 

Lime 

0-06266 

20-723 

Magnesia ........ 

0-00921 

3-627 

Alumina 

0-00029 

0-114 

Oxide of iron . , . . — . 

0-00197 

• 0-775 

Stilphuric acid ....... 

000372 

1-466 

Phosphoric acid 

0-00002 

0-008 

Silicic acid 

0-00069 

0-271 

Carbonic acid 

0-03943 

16-596 

Organic matter 

0-13771 

64-067 

• 

Total amount of solid matter 

0-25423 

100-000 

Total amoiint of inorg^ic matter 

0-11662 



APPENDIX E (page 108). 

VEGETATION OP LAND PLANTS IN THE WATERY SOLUTIONS OP 

THEIR POOD. 

In experiments on the vegetation of land plants in the watery 
solutions of their food, great attention must be paid to the ten- 
dency of the fluid to become alkaline by the process of vegeta- 
tion, as land plants always die in alkaline solutions. Grreat care 
must therefore be taken to keep the fluid neutral (very faintly 
alkaline) or feebly acid. Knop attained this object by fre- 
quently transferring his plants to fresh solutions ; Stohmann, by 
placing the plants from the commencement in feebly acid solu- 
tions, and at a later period transferring them sometimes to 
fresh solutions, and at other times removing the alkaline reac- 
tion by frequent addition^of a small quantity of acid. 

The tendency of solutions to become alkaline by means of the 
plants vegetating in them, and the injurious effect of an alka- 
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line solution on the growth of plants, were observed by Knop 
and Stohmann. # 

In the following are communicated the experiments of 
Knop and Stohmann on the vegetation of maize, in watery 
solutions. ^ 

1 . — Experiments of Knop, 

Knop based his experiments with maize on the earlier obser- 
vations which he had made on the vegetation of barley and 
cresses (see ‘Chem. Central Blatt,’ 1861, s. 564). According to 
these observations the gramineaB require for their growth nothing 
more than a normal solution, which contains sulphate of mag- 
nesia, nitrate of lime, and nitrate of potash, according to the 
proportion Mg 0 S 03 + 2 Ca 0 N 05 -f ^KONO^, in which phosphate 
of iron was suspended, and phosphate of potash as required was 
dissolved. The normal solution A made according to the above 
formula contained in grammes — 



' 100 cent. cub. 

600 cent. cub. 

800 cent. cub. 

Nitric acid 

0-2160 

1-0800 

1-2960 

Sulphuric acid 

0-0495 

0-2476 

0-2970 

Lime 

0-0684 

0-3420 

0-4104 

Magnesia 

0-0233 

0-1165 

0-1398 

Potash . 

. . 0-0940 

0-4700 

0-5640 


0-4612 

2-2660 

2-7072 


In consequence of using the solution in a more dilute form 
in the first period, in order to promote a better radication, 600 
cubic centimetres of the above solution were employed at this 
time ; at every other period, 500 cubic centimetres were measured 
off, and to this last quantity the phosphate of potash was now 
added in the proportion indicated. The mixture, therefore, had 
the following composition in the five periods. The potash 
which was added as KOPOg, and as KONO 5 , given separately 
and united with a bracket. 


Period 

I. 12 cent. cub. solution of KOPOg,* 600 cent, cub* norm^ solution A 

II. 10 ,f 600 i, 

III & IV. 20 ,, 600 „ i, 



* 10 cent. cub. of the solution contained exactly 1 decigramme of 



374 


APPENDIX E. 


In these solutions are contained in grammes, — 

# 



Per. I. 

Per. n. 

Per.ra.&IV. 

Per. V. 

Nitric acid . • m • 

Sulphuric acid . . * . 

Phosphoric acid 

Lime .... 

Magnesia .... 

Potash . , . . 

H 

1-0800 

0-2475 

0-0625 

03420 

0-1165 

0-4700 

0-0408 

U-0800 

^0-2475 

0*1250 

0-3420 

0-1165 

0-4700 

0-0816 

1-0800 

0-2475 

0-1875 

0-3420 

0-1165 

0*4700 

0-1224 


2-8312 

2-3593 

2*4626 

2*5659 


With the exception of the mixture used in Period V., there 
was added to the others also 0*1 gramme of phosphate of iron. 

The duration of these periods was accidental, depending on 
fluctuating meteorological conditions of the atmosphere, but 
was so far regulated that a distant period was marked whenever 
almost exactly 1 litre of water had been exhaled through the 
leaves of the plants. At this time the remainder of the liquid 
was drawn off for analysis, and the vessel filled with a fresh 
solution. 

In the following the results of the analysis are given along 
with the chief periods and circumstances of the experiments. 
In the analytical results in column A, is placed the total quantity 
of each acid, and salt received by the plant in that particular 
period ; in column b, the bases and acids found by analysis in 
the remainder of the fluid ; in column c, the difference between 
A and B, indicating the quantity of bases and acids absorbed by 
the plants. Further, the relations of the bases to each other, 
and that of magnesia to sulphuric acid (calculated from column 
a), are given; the quotients also express the proportions in 
which these matters were given to the plants at the begin- 
ning of the period. Immediately underneath, indicated by 
‘absorbed,’ are placed the same proportions, c£i.lculated from 
column c, in order to show in what ratio the plant has selected 
these matters (when there does exist a determinate power of 
selection). 
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SUMMARY OP THE POOD GIVEN TO A PLANT OP MAIZE AND ASSI- 
MILATED BY IT. 

I. Period. From May 12 to June 12. — At the commence- 
ment the plant weighed 8 grammes * ; and had six leaves With a 
surface of 264 square centimetres; water exhaled during the 
time = 1 litre. This period was divided into three sections, in 
which at first dilute solutions were used. The mixtures 
were in, — 


Section I. Section II. Section m. 


Solution of KOPOe 

. 2 cent. cub. 

4 cent. cub. 

6 cent. cub. 

Normal solution A 

. 100 


200 

99 

300 „ 

Distilled water . 

. 198 

ff 

96 

99 

99 

Total fluid 

. 300 

5) 

300 

99 

306 „ 

Phosphate of iron 

.* 01 

grammo 

0*1 

gramme 

01 gramme 


There were added as the solution was absorbed by the plant, — 

I. Section = 80 cent. cub. distilled water 

II. ,, = 350 ,, 

III. „ = 570 „ „ 

1000 cent. cub. = 1 litre 


The residue from each section = 300 cent, cub., were united 
and analysed. 


Nitric acid . 

• 

0 

A 

1-2960 

B 

? 

> 

Sulphuric acid 

• 

0 

0-2970 

0-1240 

0-1730 

Phosphoric acid . 

• 

• 

0-0750 

0-0000 

0-0750 

Lime . . 

• 

0 

0-4104 

0-1480 

0-2624 

Magnesia 

• 

0 

0-1398 

0-0640 

0-0758 

Potash 

• 

9 

0-6131 

0-2280 

0-3851 




2-||l3 

0-5640 

0-9713 


In the first of the following lines are placed the proportions 
of the matters given to the plants, calculated from column' A ; 
in the second, the calculations are made from column c ; — 

4) 


Griven : 
Absorbed : 


— g ‘9 • 1 * 5 * ^^3 — 0.1 

MgO ’ CaO * MgO 

=3-4; i^ = l-5; — =2‘2 
MgO CaO ’ MgO 


* The maize seed were made to germinate in the month of April in well washed 
sand; the young plants weighed on the 12th May, 8 grammes; on drying the residue 
weighed scarcely more than the seeds. • 

♦ 
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11. Period. From June 12 to July 20. — At the commence- 
ment the plant weighed 65 grammes, and had nine leaves with 
a surface of 648 square centimetres ; water exhaled = 1 litre ; the 
plant received 0*1 gramme of phosphate of iron suspended in 
the water about the roots, the roots became of a reddish yellow 
colour. 




A 

B 

0 

Nitric acid . 

• 

1-0800 

? 

? 

Sulphuric acid 

• 

0-2475 

0-1704 

0-0771 

Phosphoric acid . 

• 

0-0625 

0-0000 

0-0625 

Lime 

• 

0-3420 

0-1912 

0-1508 

Magnesia 

• 

0-1165 

0-0860 

0-0305 

Potash . 

• 

0-5110 

0-3120 

0-1990 



2-3595 

J-7596 

0-5199 


Proportions of bases and acids, — 


* 

Given : 
Absorbed : 


■^■2. = 2-9; ^2=1-5;— 3.=2*1 
MgO ’ CaO ’ MgO 

-^-2=: 5-0; ^ = 1*3; —23. =2*5 
MgO ’ CaO ’ MgO 


III. Period. From July 20 to 27. — At the commencement 
the plant weighed 73 grammes, and had eleven leaves with a 
surface^^of 720 square centimetres ; water exhaled = 1 litre ; 
to the solution was added 0*1 gramme of phosphate of iron; 
radication strong. This period differs from the preceding in the 
quantity of KOPOg given being double. 


Nitric acid . . . 

Sulphuric acid 
Phosphoric acid . 

Lime 

Magnesia .... 
Potash 


A 

B 

C 

1-0800 

? 

? 

0-2475 

0-1716 

00759 

0-1250 

0-0000 

0-1250 

0-3420 

0-1440 

0-1980 

0-1165 

0-0860 

0-0305 

0-5518 

0-2160 

0-3358 

2-4628 

0-6176 

0-7652 


Proportions of bases and acids, — 

Given: ^^=2-9: ^=1-5; J2i=2-1 

MgO CaO MgO 

Absorbed : ^=6-1 ; ^=1-7 ; -^ = 2-4 
* MgO CaO* MgO 
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IV. Period. From July 27 to August 1. — At the commence- 
ment the plant weighed 147 grammes, had eleven leaves, with a 
surface of 1160 square centimetres; water exhaled =s 1 litre; 
to the solution was added 0*1 gramme of phosphate of ii’on ; the 
roots became distinctly reddish yellow. The plants received 
twice as much KOPOg as in the second period. # 


•* 


A 

B 

0 

Nitric acid . 

• 

1-0800 

? 

? 

Sulphuric acid 

• 

0-2475 

0-1374 

0-1101 

Phosphoric acid . 

• 

0-1250 

0-0000 

0-1250 

Lime .... 

• 

0-3420 

0-1188 

0-2232 

Magnesia . . 

• 

0-1165 

0-0719 

0-0446 

Potash .... 

• 

0-5518 

0-1296 

0-4222 



2-4628 

0-4617 

0-9211 


Proportions between bases and acids 
Given ; 


^^^=2*9;i^ = l*6; J5i=:2*l 


MgO ■ ' CaO 

Absorbed : ff'^ =5*0 ; 5^: 

MgO CaO 


1 * 8 ; 


MgO 

SO, 


MgO 


2*3 


To ascertain how far the results fron* this artificial mode of 
cultivation may be compared with those produced under natural 
circumstances, maize of the same kind was planted in the 
garden in the middle of May. The latter were exposed to the 
same atmospheric conditions as the experimental plants. On 
August 1, a plant from the garden of the same period of 
vegetation as the experimental plant, with also fifteen leaves, 
and visible male flowers, weighed 1260 grammes, that is to say, 
seven times as much as the artificially reared plant. The stem * 
of the garden plant from the lower knot to the summit of the 
flower-stalk measured 150 centimetres, being three times the 
height of the experimental plant. 

V. Period. From August 1 to 10. — At the commencement 
the plant weighed 173 grammes; the stem was 52 centimetres 
higfi ; in the middle of the period the plant had fifteen large 
fine green leaves, with a surface of 1420 square centimetres. 
In this pefiod double the quantity of water (2 litres) was 
exhaled, and as the older roots were distinctly reddish yeUow in 
colour, the plant received no more phosphate of i|pn, but thnce 
as much phosphate of potash as in the second period. On 
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August 6 and 7, the male flower, consisting of seven single ears, 
was fully expanded from the sheath, the stem was strong, and 
70 centimetres high. On August 7, a fully formed female 
flower appeared ; on August 9, the anthers began to shed their 
pollen. 


Nitric acid . 

• 

• 

A 

1-0800 

B 

? 

C 

? 

Stilphuric acid 

• 

• 

0-2475 

. 0-1640 

0-0835 

Phosphoric acid . 

• 

• 

0-1875 

, 0-0020 

0-1855 

Lime . 

• 

• 

0-3420 

0-1236 

0-2184 

Magnesia 

• 

• 

0-1165 

0-0790 

0-0370 

Potash . 

• 

* 

0-5927 

0-1894 

0-4033 




2-5662 

0-5580 

0-9277 


Proportions between bases and acids, — 


Given : 
Absorbed : 


CaO ^2-9. ^^-1.7. 

MgO ’ CaO ’ MgO 


MgO 


CaO 


= 1 * 8 ; 


—2.3 

MgO 


As the plant in this period flowered, and earlier experiments 
had shown that maize^ dug up at the period of flowering and 
placed in river water furnished still ripe seeds, and also by the 
addition of the salts which the plant in each period had taken 
up in proportion to its increase in weight in the first four 
periods, it appeared that it must contain fully as much salts as 
the plant in its normal condition in the field takes up, if placed 
from this period only in distilled water. 

VI. Period. From August 10 to 16. — At the commencement 
• the plant weighed 255 grammes, and had 15 fully expanded 
leaves with a surface of 2640 square centimetres ; 2 litres of 
water were exhaled. 

On August 10, the anthers had almost completely shed their 
' pollen. The stem shot up rapidly, and on the 12th it measured 
to the tip of the flower 1 metre in height. On the 13th a 
second female flower appeared, which was surrounded with 
paper to protect it from dust On August 16 the height of the 
plant was 1*1 metre; it did not grow any more.* The fruit- 
bearing stalk was, on August 16, already 2 decimetres long, and 
had below a tjiickness of 4 centimetres. 

, On August 16, the water was drawn off and analysed. 
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Present Not Present 

0‘016 gramme potash Sulphuric acid (only indistinct opales- 

0‘008 „ lime cence with chloride of barium). 

O'OOl „ phosphoric acid Magnesia. 

Iron and silicic acid. 

From the circumstance that in this solution there was no 
silicic acid, it is plain that the glass vessel had furnished none 
to the fluid by decomposition in the course of one to two weeks. 

VII. Period. From August 16 to September 4,— 

Weight of plant on 16 August . . . 280 grammes 

„ „ 22 „ at 9 o’clock a,m. 316 „ 

j» »» 22 9 ,, p.m. 320 

»> i» 28 ,, ff 9 ,, ff 330 ff 

n »» 1 Sept, ff 9 „ ,, 327 ff 

>» ft ^ ^ ft ti 317 ff 

From September 1 the weight diminished by the drying of 
the leaves, and as this decrease was accidental, the plant was 
not thenceforward weighed. The leaves shrivelled. The plant 
had exhaled 3^ litres of water in the period. At this time it 
was placed in a vessel containing 1*5 litres of water, to deter- 
mine what salts returned to the water by endosmone. The 
water was kept up at the same level by daily additions, and at 
last was allowed to exhale until the residue was 1 litre. In this 
litre were found 0*031 carbonate of lime and 0*007 carbonate of 
magnesia. Both salts were left in the basin undissolved after 
evaporation, and after the residue had been treated with water. 

In the water with which the residue left on evaporation in 
the basin had been extracted, the following substaoces were 
found in solution : — 

0’020 lime f together with organic matter which 

0-0006 phosphoric acid j reduced a solution of oxide of copper 


0*0034 potash 


■ and potash. 


In this last solution not a trace of iron, sulphuric acid, or 
magnesia, was found. As the preceding analyses indicate, the 
solution of nutritive matters for gramineae must have the 
following composition : — 

* 

MgOSO,+4Ca0NO5+4KONO5+xKOPO5 . 

(Compare ‘Chem. Central Blatt, 1861,’ s. 465, 564, and 945.) 

^ At all periods the plants threw off organic substances, but chiefly in the last 
periods. 
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IL — Experiments, of Stohmarm, 

The experiments of Stohmann agree in their main results 
with those of Knop. According to these experiments, the 
maize plant grows to full maturity if in the beginning of May 
the seed which has germinated in water, and has shot forth 
roots, is placed in a solution containing the food of maize in the 
proportions in which they exist in the ashes, if at the same time 
there has been added to it so much nitrate of ammonia that to 
every part of phosphoric acid in the solution there are two 
parts of nitrogen, and if finally it has been diluted with dis- 
tilled water to a concentration of three parts of solid matter per 
1000 parts. The plants must grow in a sunny spot, and the water 
exhaled by the leaves must be daily replaced by distilled water, 
and the solution tested as to its reaction. The solution must 
always react, slightly acid, and be maintained in this condition 
by the addition from time to time of a few drops of phosphoric 
acid. If these conditions are fulfilled, there is no necessity for 
any artificial source of carbonic acid, but by means of the 
atmospheric carbonic acid alone there are produced fully formed 
plants which, under favourable circumstances, attain a height 
of 7 feet.* 

The experiments of Stohmann were more especially directed to 
the influence exercised on the growth of the maize plant by the 
withdrawal of one element of food. In this point the results differ 
from those of Knop. Whilst in the experiments of the latter 
maize was found to grow perfectly without silicic acid, soda, or 
ammonia, Stohmann made use of silicic acid in all his ex- 
periments, and found further that by the complete withdrawal 
of ammonia and even soda the plants grew quite well. 

On withdrawing ammonia completely and replacing it by 
nitric acid, Stohmann found that the plants grew perfectly well 
for the first ten to twelve days, then they became of a pale 
yellowish green, and the vegetation proceeded extremely slowly. 

If after a month’s vegetation a little ammonia (in the form 
of nitrate or acetate) was given to the plants, they died very 
quickly. Without this supply of ammonia the blanched, sickly 
vegetation continued ; the plant did not die, and yet it could 

* According to Knop maize plants growing in a watery solution give off carbonic 
acid continuously from their roots. 
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not be said to live.* In the experiments made without soda, it 
was found that the plant could dispense with this substance at 
first, but its progress was soon arrested if the soda was com- 
pletely withdrawn. The nitrate of lime of the normal solution 
was in another experiment replaced by a corresponding quan- 
tity of nitrate of magnesia. The growth of the maize plant 
was after a short time much retarded, only a few small, thin 
leaves being developed. By the addition of a little nitrate of 
lime to the growing plant, the most remarkable change was, 
however, produced. Scarcely five hours elapsed before the 
growth of the plant, which had been stationary for four weeks, 
awakened to a new life, and proceeded from this time forth in 
the best manner possible. A plant without the after addition 
of nitrate of lime remained stationary, making no progress 
whatever : the maize plant, therefore, requires lime immediately 
after the commencement of its growth. 

In an experiment in which the magnesia was replaced by 
nitrate of lime, the same result was obtained as when lime was 
wanting. In this case, also, the vegetation was very poor. A 
supply of ^agnesia, in the form of nitrate, exerted here also 
the most favourable action, only the effect was not so quickly 
produced as in the case of lime. 

Even by the complete withdrawal of nitric acid the maize- 
plant did not grow. In these experiments it is true the alkalies, 
as well as the alkaline earths, were in part supplied in the form 
of sulphates and chlorides. Chlorine and sulphuric acid, how- 
ever, are required only to a limited extent in the vegetable 
organism. The same holds good in the experiment without 
nitrogen. According to these experiments, therefore, a plant 
is not developed if one of its elements of food is wanting, and 
the complete replacement of one element of food by another 
one similar to it, is hence completely out of the question. The 
result may, however, be different with the reciprocal jpaHial 
replacement of similar elements of food ; and Stohmann is about 
to take up this question. 

The form in which the? food was supplied was the following, f 

* Compare Knop, ‘ Chem. Central Bl. 1862,’ s. 257. 

t To form a complete solution of all matters, and to remove the alkaline re- 
action, the fluid was flrst properly diluted with water and so much weak hydro- 
chloric and later phosphoric acid was added as to make the reaction distinctly 
feebly acid. 
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The aUicic add was always supplied in the form of silicate of 
potash; the potash as nitrate. In the series of experiments 
(3) which were made without nitric acid, sulphate of potash 
was used instead of the nitrate. 

The 'phos'phoric add was used in the form of 2NaO, HO, POg +■ 
24HO ; in experimental series 6, in which soda was excluded, a 
potash salt was used, 2KO, HO, POg, of which a concentrated 
solution was prepared, containing a known quantity of potash and 
phosphoric acid. As • the phosphate of soda contained more 
soda than was requisite in the composition of the ash, there 
was thus in the fluids in the experimental series 1 to 7 an excess 
of this base; at a later period, a correspondingly smaller 
quantity of phosphate of soda and more of the potash salts 
were employed. 

The sulphuric add was in the form of sulphate of magnesia, 
with the exception of 7, in which sulphate of ammonia was used, 
the magnesia required was added in the form of nitrate of 
magnesia. 

The oxide of iron was supplied in the form of pure sublimed- 
chloride ; the lime as nitrate, and in the case of 3 as chloride of 
calcium ; the ammonia as nitrate, sulphate, or chloride. 

It was scarcely possible to avoid using a larger or smaller 
excess of one or other of the substances. This was particularly 
the case with soda and chlorine. These deviations will be best 
shown in the following tables. 


Experimental series. 




1 

2 

3 

4 

5 

6 

7 


11 

' '3 

c8 

0 rt 

^ 'd 
d § 

0 

1 

<D 

1 

o3 

P CO 


l| 

•^8 

g 

•s 1 
Pi 

5 ^ 

■ 

SI 


1 

'S 

1 

o o 

r i 

Fotasli 

35-9 

35-9 

62-0 

36-9 

35-9 

36*9 

36-9 

35-9 

Soda. . 

1-0 


8 0 

8-0 

8-0 

— 

1*0 

10 

Lime . 

10-8 

■PflM 

10-8 

10-8 

10-8 

10*8 

— 

19-2 

Magnesia . 

6-0 

60 

6-0 

6*0 

6-0 

60 

13-7 

— 

Oxide of iron 

2-3 

2-3 

2-3 

2*3 

2 3 

2*3 

2-3 

2-3 

Sulphuric acid . 

6-2 

6*2 

6-2 

26*9 

26-9 

6-2 

6-2 

6-2 

Chlorine 

1-3 

19-7 

3-1 

66-6 

16-8 

31 

31 

31 

Phosphoric acid . 

91 

91 

91 

9-1 

9-1 

91 

9-1 

91 

Silicic acid.. 

28-5 

28'6 

28*6 

28-6 

28*6 

28-6 

28-6 

28-6 

Nitrogen . 

18-2 

18'2 

18-2 

— 

18-2 

18-2 

18-2 

18-2 
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Summary of the weights of the crops. 


Experimental 

series 

Plants 

Parts of plants 

• 

Iwii 

Amount of 
ash 

Amoimt of 
ash 

Organic matter 

Proportion of 
the weight 
of the se^ to 
that of the orop 
after deduction 
of the ash 

w 





■ "W 

grms. 

grms. 

percent. 

grms. 



From 

Roots . 

• 

10-36 1 






the 

Stem , 


52-39 1 






garden 

Leaves . 

• 

42-39 f 

15-24 

11-4 

— — 




„ of the head 

28-61 J 







Grains . 


190-14 

3-42 

1-8 

- 




3 heads 

• 

22-66 

0-54 

2-4 


_ 



Entire plant . 

• 

346-45 

19-20 

6-5 

327-25 

1 : 3147 

1. 

A 

Roots . 

• 

3-92 1 







Stem . 


9-67 1 







Leaves . 


11-79 i 

3-97 

13-1 

— 




„ of heads 


4-91 J 







Head with grain 

• 

34-09 

0-82 

2*4 





Entire plant , 

« 

64-38 

4-79 

7-5 

59-59 

1 : 573 


B 

Straw . 


27-36 

4-35 

15-9 

.... 

_ 



Heads . 


4-24 

0-14 

3-4 


— 



Grains . 

• 

24-57 

0-56 

2-3 

..... 




Entire plant . 

• 

66-17 

6-05 

, 8-9 

61-12 

1 ; 491 


C 

n • 

• 

65‘52 

5-94 

10-7 

49-58 

1:477 

2. 

D 

n 1) • 

• 

62-44 

6-49 

10-4 

55-95 

1:538 


A-C 

)> }} 

• 

1-19 

— 

— 

... 

— 


D 

}t • 


2-39 

0-54 

22-8 

1-85 

1:18 

3. 

A— B 

M II 

• 

0-204 

— 

— 

_ 


4. 

A 

Roots . 

• 

0-45 

0-10 

22-8 

... 


-* 


Stem and leaves 


1-03 

0-17 

16-7 





Entire plant . 


1-48 

0-27 

18-2 

1-21 



C 

11 II 

• 

10-90 

0-92 

8-5 

9-98 



D 

II II • 

t 

39-48 

6-57 

14-1 

33-91 


6. 

A 

II II • 

• 

49-63 

6-21 

10-5 

44-42 

1 : 427 


B 

II II 

• 

32-31 

3-36 

10-4 

28-95 

1:278 

6. 

A 

II II • 

• 

0-30 

— 

— 

— 



B 

II II • 


84-30 

8-22 

9-75 

76-08 

1: 731 

7. 

A 

II II • 

• 

0-82 

0-18 

21-4 

0-64 

1:6 


B. C 

II II • 

• 

6-01 


13-7 

6-19 

1:60 


REMARKS ON THE SUMMARY OF THE WEIGHTS OF THE CROPS. 

I, Plants A, B, c, and d grew in normal solutions. Plants A 
and B were placed in the solution on July 1, and plant A was 
gathered on September 10, fully ripened ; its total height was 
202 centimetres. The plant from the garden soil with which it 
was compared was of middle size. Mant b gathered on Sep- 
tember 27, was fully grown, and had a height of 127 centimetres. 
Plants c and d were placed in the normal solution on June IQ, 












384 


APPENDIX E. 


they did not attain their full growth ; both were gathered on 
October 28. 

II. Commencement of experiment in solutions without am- 
monia on June 10. — A and b received on July 12 a supply of 
0*2 gramme nitrate of ammonia ; on July 23 they were placed 
m a fresh solution, to which wa% added 0*2 gramme acetate of 
ammonia ; both plants died on July 31. Plants c and n received 
normal solution on August 4, which was neutralised with phos- 
phoric acid ; c died on August 9, » recovered somewhat, but 
remained sickly till gathered on September 27. 

III. Experiments without nitmc acid. — Commencement on 
June 10; rapid decay of the plants; by July 1 A and b were 
already dead. 

IV. Experiments without nitrogen. — Commencement on 
June 10. In the first week the growth was excellent, but in the 
second week it came to a stand. A lived till gathered on Sep- 
tember 27 ; height 15 centimetres, length of roots 82 centi- 
metres. Plants c and n received on July 11 each 0*2 gramme 
nitrate of ammonia, and on July 17, also, the same quantity. 
The influence of this salt was rapidly visible. On August 4, o 
and D received normal solution. Plant c was gathered on Septem- 
ber 27, height 75 centimetres. Plants gathered on November 
15, was in a healthy state, and had attained a height of 120 
centimetres. 

V. Experiments without soda. — Commencement June 10. 
The early vegetation was very luxuriant ; in the end of July, 
however, the plants were not progressing. On August 4, the 
plants received normal solution ; two died, but a and b made 
further progress. A and B were gathered on October 30, height 
of A, 205 centimetres ; b stunted. 

VI. Experiments without lime. — Commencement June 10. 
Plant A had reached a height of 2 centimetres on July 17 ; but 
made no further progress, b received on July 1, 0*1 gramme 
lime in the form of nitrate, and, on August 4, normal solution, ' 
vigorous growth. It had on November 15 four stems respec- 
tively 107, 95, 75, 70 centimetres high, which were covered 
with leaves, and had eight well-developed heads of fruit. 


o 
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VII. Experiments without magnesia , — Commencement June 
10. Progress as in Experiment VI., and gathered as it was 
making no visible progress, b and o received on July 17, 0*1 
gramme magnesia, and on August 4 normal solution, gathered 
September 27 ; height of b, 23 centimetres ; of c, 42 centimetres. 
Both had male flowers without pollen, and no female flowers. 

On comparing his experimental plants with those which grew 
in the ground, both in respect to weight of the crop and to 
amount o^ ash and its composition, Stohmann concluded that 
we may indeed convert a plant of maize into a water-jglcvnt, but 
that maize cannot grow in a normal condition in solutions of its 
food. Further, his experiments showed in a positive manner 
that the soil played a determinate part in the nutriment of 
plants — absorption of alkalies — and that plants in the absorp- 
tion of their food must themselves take an active part (compare 
Henneberg’s ‘Journal fiir l^ndwirthschaft, 1862,’ s. 1, and ‘An. 
der Chem. und Pharm.,’ bd. cxxi. s. 285). 


APPENDIX F (page 109). 

EXPERIMENTS ON THE GROWTH OF BEANS IN POWDERED TURF. 

To complete the experiments on vegetation described at 
page 106, the results of the entire crops are now given in the 
following table : — 

Dry substance of the bean plants in grammes. 




I. Pot 

II. Pot 

III. Pot 

IV. Pot 



fully 

half 

quarter 

pure 

• 


saturated 

saturated 

saturated 

turf 

Seed .... 

• 

93-240 

66-127 

50-463 

7-069 

Shell .... 


25-948 

18-393 

13-658 

2-631 

Leaves 

• 

19-420 

15-797 

12-477 

1-979 

Stem .... 

• 

26-007 

20-107 

15-710 

5-676 

Itoots . . . , . 

• 

58-399 

36-368 

25-411 

3-063 

Total weight . 

• 

223-014 

156-792 

117-719 

20-418 

1 


These numbers completely confirm the conclusions drawn 
from the weight of the seeds alone. If the crop from the pure 

0 c 
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turf be taken as iinitf , the ^weights of the entire crops bear the 
following proportions — 

1 : .5*7 : 7*7 : 10*9 

or if the weight of the crop in the J saturated turf be called 2, 
and that of the J and fully saturated turf be compared with it, 
the following proportions are found — 

2:2-7: 3-8 

If the weight of the crop furnished by the pure tfirf be sub- 
tracted from each of the others, and the weight of the crop in 
the J saturated turf be taken at 2, then the crops in the J and 
fully saturated turfs becar the following proportions to it — 

2:2-8: 4-2 


APPENDIX G- (page 238). 

Extract from the Report to the Minister of Agriculture at 
Berlin f on Japanese llushandry ; hy Dr. H. Maron, Mem- 
ber of the Prussian East Asiatic Expedition. 

SECTION I. 

SOIL AND MANURING. 

The Japanese empire stretches from the 30th to the 45th 
degree of north latitude. The average temperature and distribu- 
tion of heat constitute a climate embracing all the gradations 
between those of central Germany and of Upper Italy. A soli- 
tary tropical palm, not fully developed, grows by the side of^e 
northern pine, rice and cotton along with buckwheat and barley. 
Everywhere on the chains of hills, which cover the whole 
country like an irregular fine network, the pine predominates, 
stamping upon the landscape that homely northern character, 
which affords so cheering a sight to the northern traveller, who 
reaches these shores after having passed through the hot and 
luxuriant regions of the tropics. In the valleys, on the other 
hand, the burning south holds sway, covering the ground with 
a rich vegetation of rice, cotton, yams, and sweet potatoes. 
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Hundreds of footpaths and small ravines lead to charming 
'transitions between pine and cojj|ion, hill and dale ; everywhere 
there is a gay medley of laurels, myrtles, cypresses, and above 
all, shining camellias. 

The land is of volcanic origin, and the entire surface belongs 
to the tufa and the diluvium formation. The soil on the hills 
consists of an extremely fine, yet not over fat brown clay ; 
whereas that of the valleys is throughout the country, with 
some trifling modifications, of a black, loose, and deep garden 
mould, which upon trial in different places I found extended to 
a depth of 12 to 15 feet, being throughout of the same quality, 
though somewhat more compact in the deeper layers. An 
impermeable stratum of clay probably underlies this arable 
crust. As the clay strata of the mountains, in consequence of 
the frequent and copious falls of rain, give rise to a multitude 
of springs, which are everywhere at hand, and may thus easily 
and without any great skill, be turned to account for the purpose 
of irrigation ; so the impermeability of the stratum underlying 
the surface soil in the valleys enables the Japanese husbandmen 
to turn the soil at pleasure into a swamp, for the cultivation of 
rice. 

Whichever way one may feel inclined to decide the question, 
whether the present fruitfulness of the soil is simply the arti- 
ficial product of cultivation continued for a period of several 
thousand years, or whether this fertility existed from the begin- 
ning, making this people love and cherish the labours of agricul- 
ture, this much must be granted, at all events, that the clay 
of the diluvium, the mild climate, and abundance of water, 
afforded all the conditions, and the most convenient means, for 
a thriving cultivation. All these advantages have been most 
carefully turned to account by an industrious, ingenious, and 
sober people; and husbandry in Japan has become a truly 
national occupation. The Japanese have thoroughly mastered 
the difficult task of maintaining* agriculture in a state of the 
highest perfection, although its pursuit is entirely in the 
hands of peasants and yeomen, who take rank in the sixth and 
last but one class of the social scale, and no Japanese gentleman 
is a farmer. There are no agricultural institutions ft)r instruc- 
tion in husbandry, no agricultural societies, no academies^ no 

c c*2 
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periodical press to spread the teachings of science. The son 
simply learns from the father ; ^nd as the father knows quite as 
much as his grandfather and great grandfather before him, so 
he pursues exactly the same system of husbandry as any other 
peasant in any other part of the empire; it is a matter of 
perfect indifference where the young agriculturist learns his 
business. The young pupil in husbandry will always be able to 
master a certain small amount of information which the expe- 
rience of ages has shown to be true, so that it may be looked 
upon as positive knowledge, and a sort of hereditary heirloom. 

I must confess that I experienced a feeling of deep humilia- 
tion on many occasions, when with this simple knowledge, and 
the safe and uncontested practical application of it in hus- 
bandry before my eyes, I thought of home. We boast that we 
are a civilised nation ; in our land men of the highest intellectual 
attainments devote their best* energy to the improvement of 
agriculture ; we have everywhere agiicidtural institutions and 
agricultural societies, chemical laboratories and model farms, to 
increase and diffuse the knowledge of husbandry. And yet how 
strange that, despite all this, we still go on disputing, often so 
vehemently and acrimoniously, about the first and most simple 
scientific principles of agriculture ; and that those who earnestly 
search after truth are forced to admit the infinite smallness of 
their positive and undisputed knowledge I How strange also 
that even this trifling amount of positive knowledge has as yet 
found so little application in practice I 

Among the great questions which still remain in dispute with 
us, whilst in Japan they have long since been settled in the 
laboratory of an experience extending over thousands of years, 
I must mention as the most important of all, that of manuring. 
The educated sensible farmer of the old world, who has in- 
sensibly come to look upon England, with its meadows, its enor- 
mous fodder production and immense herds of cattle, and in 
spite of these with its grealF consumption of guano, ground 
bones, and rape-cake, as the beau ideal and the only possible 
type of a truly rational system of husbandry, would certainly 
think it a most surprising circumstance to see a country even 
much better cultivated, without meadows, without fodder pro- 
duction, and even without a single head of cattle, either for 
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draught or for fattening, and without thedeast supply of guano, 
'ground bones, saltpetre, or rape-cake. This is Japan. 

I cannot help smiling when I remember how, on my passing 
through England, one of the great leaders of agriculture in that 
country, pointing to his abundant stock of cattle, endeavoured 
with an authoritative air to impress upon my mind the following 
axioms, as the great secret of true wisdom : — ‘ Tiie more 
fodder, the more flesh ; the more flesh, the more manure ; the 
more manure, the more grain I ’ The Japanese peasant knows 
nothing of this chain of conclusions ; he simply holds fast to one 
indisputable axiom, viz. without continuous manuring there can 
be no continuous production. A small portion of what I take 
from the soil is replaced by nature (the atmosphere and the 
rain), the remainder I must restore to the ground ; the manner 
in which this is done is a matter of indifference. That the 
produce of the land has first to pass through the human body 
before it can be returned to the soil, is, as far as manuring is 
concerned, simply a necessary evil, which always involves a 
certain loss. As* to the intermediate stage of cattle feeding, 
which we deem so requisite in our system, the Japanese farmer 
cannot at all see its necessity. He argues in his way that it 
must cost a great deal of unnecessary and expensive labour to 
have the produce of the field first eaten by cattle, so troublesome 
and expensive to breed, and that this system must involve more 
considerable Joss of matter than his own. How much more 
simple it must be to eat the corn yourself, and to produce your 
ojvn manure ! Far from me be it, however, upon the ground of 
the so widely differing results to which the developement of 
agriculture has led in the two lands, to pass judgement upon our 
system of husbandry, and to exalt unduly that of the Japanese 
by attributing superior intelligence to that nation. Circum- 
stances have brought about the results in question, and the fol- 
lowing more especially have exercised a decided influence in the 
matteri#The religious belief of the two great sects in Japan, 
the Sintoists and the Buddhists, forbids the eating of flesh, and 
not alone of flesh, but of everything derived from animals 
(mik, butter, cheese) ; this prohibition, of course, disposes of one 
of the principal objects for which cattle are bred. Even sheep, 
if kept for the wool alone, would not pay, as our farmers begin 
to find out even in Germany. 
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The very limited area of the homesteads in Japan also makes 
the maintaining of cattle superfluous. The smallness of the 
farms must not be attributed, however, to any excessive tendency 
to subdivision of landed property, but to the fact that the land 
belongs to the great princes or Daimios of the country, who have 
bestowed it in fee upon the lower nobility. The latter, again, 
being precluded by the institutions of the country from farming 
their own estates, have parcelled the land out, apparently from 
time immemorial, on perpetual leases, among the peasantry of 
the country. The size of these farms varies from two to five 
acres ; the limitation having been most likely determined either 
by their natural position, or from the course of some brook or 
rivulet. Now, as this limited area is intersected moreover by 
drains and ditches, it will be readily seen that there is hardly a 
plot of ground to be found where the use of beasts of burden 
might be profitably had recourse to. 

Now, with us matters are very different in these . respects. 
We have a notion that we could not possibly exist in health and 
vigour without a considerable consumption of meat, although 
we have the fact constantly before our eyes, that our labourers, 
who assuredly require as much strength as any other class of 
society, are, for the most part, involuntary Buddhists. Our 
farms are always sufficiently large to preclude the notion of 
working them by hand, even leaving out of consideration the 
important circumstance that the price of labour.is rather too 
high, in proportion to the value of the produce, to admit of 
such a system of farming. But that the culture of the soil is 
everywhere in the world in direct ratio to the division of the 
land is a well-established fact, of which the reality and signifi- 
cance are made most clearly apparent to the traveller who 
passes from the north of Grermany to Japan, via England. 

The only manure-producer, therefore, in Japan is man ; and 
we need not wonder that the greatest care should be bestowed 
in that country upon the gathering, preparing, and apPying his 
excrements. Now, as their entire course of proceeding contains 
much that is highly instructive for us, I consider it my duty to 
give as detailed a description of it as possible, even at the risk 
of offending the delicate feelings of the reader. 

The Japanese does not construct his privy as we do in 
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Germany, in some remote comer of the yard, with half-open 
'rear, giving free admission to wind and rain; but he makes it 
an essential part of the interior of his dwelling. As he ignores 
altogeth^ the notion of a ‘ seat,’ the cabinet, which, as a general 
rule, is very clean, neat, and, in many cases, nicely papered or 
painted and varnished, has a simple hole of the shape of an 
oblong square running across and opposite to the entrance door, 
and serving to convey the excrements into the lower space. 
Squatting over this hole, with his legs astride, the Japanese 
satisfies the call of nature with the greatest cleanliness. J 
never saw a dirty cabinet in Japan, even in the dwelling of the 
very poorest peasant. It appears to me that there is something 
very practical in this form of construction of a closet. We, in 
Germany, construct privies over our dung-holes, and behind our 
barns, for the use of our farm-servants and labourers, and pro- 
vide them with seats with round holes. With even only one 
aperture, it is too often found that after a feijr days’ use they 
look more like pigstyes than closets for the use of man, and this 
simply because our labourers have a decided, perhaps natural, 
predilection for squatting. The construction of the Japanese 
privies shows how easy it would be to satisfy this predilection. 

To receive the excrements, there is placed below the square 
hole a bucket or tub, of a size corresponding to it, with pro- 
jecting ears, through which a pole can be passed to carry the 
vessel. In many instances a large earthen pot, with handles, is 
used, for the manufacture of which the Japanese clay supplies 
an excellent material. In some rare instances in^he towns, I 
found a layer of chopped straw or chaff at the bottom of the 
vessel, and occasionally also interspersed among the excrements, 
a proceeding which, if I mistake not, has of late ‘been recom- 
mended also in Germany. As soon as the vessel is full, it is 
taken out and emptied into one of the larger dung-vessels. 
These are placed either in the yard or in the fieldi They are 
large casks or enormous stoneware jars, in capacity of from 
8 to 12 cubic feet, let into the ground nearly to the brim. It 
is in these vessels that the manure is prepared for the field. 
The excrements are diluted with water, no other addition of 
any hind being made to them, and stirred until the entire mass 
is worked into a most intimately intermixed fine pap. In rainy 
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weather, the vessel is covered with a moveable roof to shield it 
from the rain ; in dry weather this is removed, to allow the 
action of the sun and wind. The solid ingredients of the pap 
gradually subside, and fermentation sets in ; the wator evapo- 
rates. By this time the vessel in the privy is again ready for 
emptying. A fresh quantity of water is added, the whole mass 
is again stirred and most intimately mixed together, in short, 
treated exactly like the first emptying. The same process is 
repeated, until the cask or pan is full. After the la^t supply 
qf excrements, and thorough mixing, the mass is left, according 
to the state of the weather, for two or three weeks longer, or 
until it is required for use ; hut under no circumstance is the 
manure ever employed in the fresh state. This entihe course 

OF PROCEEDING CLEARLY SHOWS THAT THE JAPANESE ARE NO PAR- 
TISANS OF THE NITROGEN THEORY, AND THAT THEY ONLY CARE FOR 
THE SOLID INGREDIENTS OF THE DUNG. They leave the ammonia 
exposed to deQomposition by the action of the sun, and 
its volatilisation by the ivind, hut take the greater care 
to shield the solid ingredients from being wasted or swept 
aivay by rain, (fee. As the peasant, however, pays his rent to 
his landlord not in cash, but in a certain stipulated percentage 
of the produce of his fields, he aigues quite logically that the 
supply of manure from his privy must necessarily be insufficient 
to prevent the giadual exhaustion of the soil of his farm; 
notwithstanding the marvellous richness of the latter, and in 
spite of the additional supply of manuring matter derived from 
the water o^the brook or canal from which he takes his mate- 
rial for irrigation. He places, therefore, wherever his field is 
bordered by public roads, footpaths, &c., casks or pots buried in 
the ground nearly to the rim, urgently requesting the travelling 
public to make use of the same. To show how universally the 
economical value of manure is felt and appreciated in all classes 
of society in Japan, from the highest to the lowest, I need 
simply state the fact that, in all my wanderings through the 
country, even in the most remote valleys, and in the homesteads 
and cottages of the very poorest of the peasantry, I never 
could discover, even in the most secret and secluded corners, 
the least trace of human excrements. How very different with 
us, in Germany, where it may be seen lying about in every 
direction, even close to privies ! 
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I need not mention that the manure thus left by benevolent 
travellers is treated exactly in the same way as the family 
manure. • 

But the excrements of the peasant contain also some other 
matter, which has not been derived from the soil of his fields, 
and which may be said to represent an additional importation 
of manure. The river, brooks, and canals, and the numerous 
little bays, abound in fish, which the religion of the Japanese 
permit^H^iim to eat, a permission of which he most largely 
avails himself. Fishes, crabs, lobsters, and snails are eaten in 
quantities, and these ultimately afford a most valuable item of 
contribution to the privy, and consequently to the fertilising 
field-manure. 

The Japanese farmer prepares also compost As he keeps no 
cattle to turn his straw, &c. into manure, he is forced to incor- 
porate this part of h^ produce with the soil without ^ animali- 
sation.’ The method pursued to effect this object consists 
simply in the concentration of the materials. Chaff, chopped 
straw, horse-dung excrement gathered in the highways, tops 
and leaves of tuftiips, peelings of yams and sweet potatoes, and 
all the offal of the farm, are carefully mixed with a little 
mould, shovelled up in small pyramidal heaps, moistened, and 
covered with a straw thatch. I often saw also in this compost 
heaps of shells of mussels and snails, with which most of the 
•rivulets and brooks abound, and which, in all parts close to the 
seashore, may be obtained in any quantities. The compost 
heaps are occasionally moistened and turned with the shovel, 
and thus the process of decomposition proceeds rapidly, under 
the powerful action of the sun. I have also often seen the 
shorter process of reduction by fire resorted to when there was 
plenty^of straw, or where the manure was required for use 
before it could be got ready by the. fermentation process. 

The half-charred mass was, in such cases, in so far as my own 
observation enabled me to judge, strewed directly on the seed 
sown in the ground. 

I think the treatment of this compost is another proof 
that tbe Japanese farmer does not care for the azotised matters, 
and that he strives to destroy all organic substances in his 
manure before making use of it. The great object of the 
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Japanese farmer in all this is to turn his manure to account 
as promptly as possible^ 

To attain ‘this end, besides preparing his manures in the 
manner described, he has recourse also to the following means : — 

1. He applies his manures, and particularly his chief manure 
derived from his privy, invariably as much as possible in the 
liquid form. 

2. He knows no other mode of manuring than that of top- 

dressing, ^ 

When he wishes to sow, the land is laid in furrows, in the way 
to be more fully described hereafter, and the seed is strewn by 
hand, and covered with a thin and even layer of compost, over 
which liquefied and very dilute privy manure is poured. The 
manure is diluted in the buckets in Which it is carried from the 
preparing tub or pots to the seed furrow, as this is the only 
way to ensur-e uniform intermixing of the materials. As this 
manure has fully fermented, it may without danger be brought 
into immediate contact with the seed, and thus materially assist 
the first radication. 

It may be that this Japanese system of manuring cannot as 
yet be introduced into Europe in its integrity. But with such 
excellent results to show for their proceedings, we might surely 
take a few lessons from these old practical men, and employ them 
with such modifications as our social relations require. At all 
events we might adopt in principle the following : — 

1. The greatest possible concentration of manures, which 
must necessarily lead also to a material reduction of cost. 
When I stated that the Japanese does not trouble himself about 
the azotised matters in his manures, and that his land is, not- 
withstanding, in a most flourishing state of culture, this is no 
proof, however, that it might not even he better^ perhaps^ to en- 
deavour to fix the nitrogen too. If a more practical system can 
be devised, of which however I have my doubts, combining the 
advantage of both,, so much the better ! But till something 
better is discovered, we might surely adopt that which experi- 
ence has proved to be good. 

2. Top-dressing, which is of course necessarily connected with 
cultivation in drills or furrows. 

3. Liquid manuring ; not to the extravagant extent, however. 
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1 in which it was sought to be carried out in England, but in ac- 
^ cordance with the present condition of German agriculture. 

4. Manuring with eva'y crop. 

The Japanese never cultivates a crop without manuring it, 
but he gives each crop dr seed exactly as much and no more 
manure than is required for its full developement. He does not 
care about enriching the soil for future crops. What he 
demands is simply a full crop in return for each sowing. How 
often do^we hear our farmers talk about this manure being pre- 
ferable to that manure on account of its fertilising action being 
‘ more lasting ; ’ yet with all our wise provision for the future, 
how far are we now behind the .Japanese, who seem to look 
always to the next harvest only ! As they manure for each 
fresh crop, and the term ‘fallow’ in our acceptation is en- 
tirely unknown to them, they are forced to distribute their 
yearly production of manure equally over the entire area of 
their land, which can be accomplished only by sowing in drills 
or furrows, and by top-dressing. 

The contrast between this rational system and the profuse 
application of our long straw manure over the whole surface of 
the field is truly glaring. 

I may also £||Jd here that the manure in the Japanese towns 
is never artifically turned into guano or poudrette, but is sent 
every night and morning in its natural form into the country 
around, to return again after a time in the shape of beans or 
turnips. Thousands of boats may be seen early each mo^yiing 
laden with high heaps of buckets full of the precious stuff, which 
they carry from the canals in the cities to the country. These 
boats come and go with the regularity of the post ; it must be 
admitted, however, that it is a species of martyrdom to be the 
conductor of a mail boat of this kind. In the evening long 
strings of coolies are itet with on the road, who having in 
the morning carried the produce of the country to the town, are 
returning home each with two buckets of manure, not in a solid 
and concentrated form, but fresh from the privies. Caravans of 
packhorses, which often have brought manufactured articles 
(silk, oil, lacquered goods, &c.), a distance of 200 to 300 miles 
from the interior to the capital, are sent home again freighted 
with baskets or buckets of manure ; in such cases, however, care 
is taken to select solid excrements. 
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Thus in Japanese agriculture we have before us the represen- 
tation of a perfect circulation of the forces of nature ; no link 
in the chain is ever lost, one is always interlaced with the 
other. # 

I cannot refrain here from drawing a parallel in this respect 
between the Japanese and our system. In our large farms we 
sell a portion of the productive power of our soil in the form of 
corn, turnips, or potatoes ; but our carts which convey the pro- 
ducts to the town or to the gates of the factory, bring back no 
compensation. One of the links of the chain is lost. There is 
another portion of our produce devoted to the feeding of large 
herds of cattle, of which a considerable amount is sent forth in 
the form of fat cattle, milk, butter, or wool ; this again is never 
returned, and thus a second link of the chain is lost. Another 
small portion we and our labourers consume. This last portion 
at least might be turned to proper account, if we only knew, 
like the Japanese, to save and use it more carefully and wisely. 
Will anyone venture to assert that the privy manure of our 
farms is of the least real importance ? I verily believe that under 
present circumstances, the privy manure of an estate of a thou- 
sand acres would be barely sufficient for half an acre of ground. 
There remains then, from our present agriculti^al system, out 
of the entire productive power withdrawn by the crops from the 
soil, only that portion returned by our cattle, a small part indeed 
of the whole, if we take into consideration its bulk, and reflect 
in hyw concentrated a form we have disposed of the rest of that 
power in the shape of grain, milk, or wool. 

It may be objected, I am quite aware, that it is strange that 
our system of keeping large stocks of cattle does succeed in 
* leading to a high state of cultivation and abundant produce. I 
admit the fact, only let us ascertain first its true significance. 
It is, above all, necessary to settle aboift the true acceptation of 
the term ‘ culture.’ If by ‘ culture ’ is meant the capability of 
the soil to give permanently high produce, by way of real 
interest on the capital of the soil, I must altogether deny that 
our farms (with perhaps a few exceptions), can properly be said 
to be in a satisfactory state of culture. But we have by excel- 
lent tillage and a peculiar method of manuring, put them in a 
condition to make the entire productive power of the soil avail- 
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able, and thus to give immediately full crops. It is not, how- 
ever, the interest that we obtain in such crops, but the capital 
itself of the soil upon which we are drawing. The more largely 
our system enables us to draw upon this capital, the sooner it 
will come to an end. The term ‘ culture ’ applied to such a 
proceeding is a misnomer. The peculiar method of manuring 
alluded to consists merely in our endeavouring to feed the soil 
of our fields with the largest possible supply of azotised matter. 
Now, ammonia and the other azotised compounds may no doubt 
be looked upon as excellent agents to stir up the hidden and 
slumbering forces of the soil. But after all, these agents may 
be regarded somewhat in the light of a banker, who kindly ex- 
changes the pound we have to spend for thirteen shillings ; and 
then we can sp^nd the change fast enough. This accounts for 
the large party amongst us who love and cherish the obliging 
banker. 

This is the great difference between European and Japanese 
culture. The former is simply a delusion, which will be detected 
sooner or later. Japanese cultivation, on the othe^; hand, is 
actual and genuine ; the produce of the land represents indeed 
the interest of the capital of the soil’s productive power. As 
the Japanese knows that he has to live upon that interest, his 
first care is devoted to keeping the capital intact. He only takes 
away from his soil with one hand, if he can make up the loss 
with the other ; and he never takes more than he can return. 
He never endeavours to force the production by large supplies 
of azotised matters. 

The fields in Japan do not, therefore, as a general rule, present 
that luxuriant aspect which gratifies our sight occasionally at 
home. There are no impenetrable forests of straw from six to- 
eight feet high, to be seen, nor turnips weighing 100 lbs., with 
99 lbs. of water in them. There is nothing extravagant in the 
• sight of Japanese crops. But what distinguishes them most 
favourably as compared to ours is their certainty and uni- 
formity for thousands of years. The real produce of land 
can he calculated only by the average ci^ops of a long number 
of years. 

If additional proof were needed to show that the state of cul- 
tivation is very superior, and that the land yields abundant 
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produce, I would point to the fact that the Japanese empire, 
which covers an area similar to Glreat Britain and Ireland, and 
of which one-half at the most, from the hilly nature of the 
country, can be looked upon as fit for tillage, not only contains 
a larger number of inhabitants than Great Britain and Ireland, 
but maintains them without any supply of food from other parts. 
Whilst Great Britain is compelled to import corn from other 
countries, to the extent of many millions per annum, Japan 
since the opening of its ports actually exports no inconsiderable 
quantities of food. 

SECTION 11. 

TILLAGE OF THE SOIL. 

Deep cultivation of the soil has become a kind of proverb 
with our modern writers on agriculture ; and the principle of 
the system is, at least, fully admitted on all hands, the only 
objection occasionally raised against it being that it requires a 
large supply of manure. But the most enthusiastic admirer of 
the system in Europe can hardly conceive how universally and 
in what*high perfection it is carried on in Japan. 

The Japanese husbandman has come to treat his field as a 
plastic material, to be turned to account in any way or form he 
pleases, just as a tailor may cut out of a piece of cloth cloaks, 
coats, trowsers, or vests, and occasionally makes the one out 
of the other. To-day we find a plot of ground covered with 
a wheat-crop; in eight days the wheat is reaped, and one 
half of the field is transformed into a swamp thoroughly satu- 
rated with water, in which the farmer, sinking up to his knees, 
is busy planting rice, whilst the other half is a broad and dry 
plot, raised 2 or 2 J feet above the rice swamp, and ready to 
receive cotton, or sweet potatoes, or buckwheat. It often 
happens also that a square plot in the centre is turned into a* 
dry bed, surrounded by a broad rice swamp ; and as the water 
must cover the surface of the latter only slightly, the levelling 
must have been effected with great care, and with the use of 
instruments. 

The whole of this work has been done by the farmer and his 
small family in a very short time. That it could be accom- 
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plished in so short a time is a proof of the great depth of the 
loose arable soil, even after a harvest; and that the farmer 
could venture to do so without troubling himself about the 
next crop, is a sign of the abounding wealth of the soil in 
mineral constituents. It is only when great depth of the loose 
arable soil is combined with a plentiful store of mineral con- 
stituents that deep tillage of the ground can truly be resorted 
to. The description here given is not a mere fiction or creation 
of the imagination, but a faithful statement of facts such as I 
have had occasion to witness by the hundred. Considering that 
rice requires at least from 1 to IJ feet of cultivated soil, and 
adding to this half the height of the raised bed, viz. 1 to 1^ feet, 
this gives a cultivated depth of arable soil of from 2 to 3 feet. 

This system of working the land at pleasure either as a 
raised dry plot or as a swamp, is indeed, at present, in Japan, 
simply a proof of the existence of deep tillage ; but it is clearly 
evident that it must have been, at one time, also, the means of 
effecting it. If we are always to wait until we have collected a 
sufficient excess of manure (at the best but a very relative 
term), before proceeding to deepen the arable crust of our land, 
we may certainly predict that tj^e system will but very rarely 
make any progress with us. Everybody knows that one cannot 
learn to swim without going into the water. 

The introduction and constant progress of the system of deep 
tillage has been powerfully assisted in Japan by the practice 
pursued from time immemorial of growing all crops in drills. 
With the advantage of this method we have also long been 
familiar. Among the favourable features presented by the 
cultivation of root crops, our books of agriculture always place 
in a prominent rank the fact that it enables the farmer to 
deepen the ai*able sdil of his land. All our gardeners, at least, 
have long ago adopte,d it. 

I was not fully aware of the true importance of the method 
of growing crops in drills, until I had occasion to see it carried 
out to the fullest extent in Japan. We, in Europe, are as yet 
far from having adopted this plan as an essential part of our 
system of husbandry ; we look upon the question still in a very 
one-sided point of view, only in reference to the individual 
crop which we wish to grow* But the Japanese farmer has 
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raised it to the rank of a system, by which he has fully eman- 
cipated himself from the necessity of paying, as we are com- 
pelled to do, the least regard to the rotation of crops. By its 
means he has truly become master of his land. He has not 
only succeeded in growing crops at the same time which used 
to follow each other, but he has carried to the highest perfec- 
tion the principle of mixed cultivation, which begins now to 
find favour also with our European farmers : he has, in this 
respect, put an end to our confused and hap-hazard way of 
mixing crops on the same field, having by the adoption of the 
method of drill planting, brought order and regularity into the 
system. The following description of the Japanese system 
may serve by way of illustration. 

We have a Japanese field before us, in the middle of October, 
with nothing but buckwheat upon it. The buckwheat is jJanted 
in rows, 24 to 26 inches apart ; the intervening, now vacant, 
space had been sown in spring with small white turnip- 
radishes, which have already been gathered. These intervening 
vacant spaces are now tilled with the hoe to the greatest depth 
attainable by the implement. A portion' of, the fresh earth is 
raked from the middle up t(^ the buckwheat, which is now in 
full flower : a furrow is thus formed in the middle, in which 
rape is sown, or the grey winter pea, the seed being manured in 
the manner already described, and seed and manure afterwards 
covered with a layer of earth. By the time the rape or the 
peas have grown one to two inches high, the buckwheat is ripe 
for cutting. A few days after the rows in which it stood are 
dug up, cleared, and sown with wheat or winter turnips. Thus 
crop follows crop the whole year through. The nature of the 
preceding crop is a matter of indifference, the selection of the 
succeeding one being determined by the ‘store of manure, the 
season, and the requirements of the farua. If •there is a defi- 
ciency of manure, the intervening rows are allowed to lie fallow, 
until a sufficient quantity has been collected for them. 

This system, as a whole, has also this great advantage, that 
the manure may be used at all times, and need never lie idle 
as a dead capital bearing no interest ; and moreover, perhaps, 
the most important point of all is that a direct ratio is thereby 
secured between the power of the soil, as shown in the crops. 
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and the stock of manure oa hand, a ratio not disturbed here by 
' artificial means or by any ‘tour de force,' Expressed in other 
words, the income and expenditure of the soil are always kept 
evenly balanced. ^ 

I have seen this system carried out to the fullest attainable 
degree in the vicinity of large towns, such as Jeddo, also in 
particularly fertile valleys, and on fields bordering on the great 
highways. Here crop succeeded crop, manure followed manure. 
Here the plot of ground produced much more than could be 
consumed on it ; but the great city and the privies on the high- 
road returned a supply of manure to balance the export of 
produce. 

I have, however, also had occasion to visit farms situated on 
some hilly part far away from the high road, and only recently 
reclaimed and cultivated. As the Japanese farmer, as a general 
rule, prefers the valleys to the hilly ground, the supply of manure 
here is more restricted and more difficult, and any addition to it 
from towns or by travellers is almost altogether out of the ques- 
tion. Here I found occasionally only one crop on the ground ; yet 
the rows were so wide asunder that another crop would have 
found ample space between them. With this system it is at 
least possible to till properly and repeatedly the intervening 
spaces, which are intended to receive the next crop ; besides 
the constant supply of fresh earth to the present crop, by raking, 
places a larger store of soil at the disposal of the latter than 
could be done in any other way. In this manner only the one- 
half of the field (corresponding to the limited supply of manure) 
is actually made to produce ; but the system of planting the 
crop in drills wide asunder always gives a much more abundant 
return than could possibly be obtained, if the one-half of the 
field as a continuous plot were completely sown, the other half 
being allowed to lie fallow. As the home production of jnanure 
or the importation of it from other parts, increases, the farmer 
proceeds to fill part also of the vacant rows, which thus leaves 
only the third or fourth part of the field fallow, until, at last, 
every row is made to produce crops. 

How wide the difference between this system and ours I 
When we break up and till a plot of ground, we begii^^ by 
extracting from it three or four harvests, without bestowing a 
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particle of manure, and apply manure only when the soil is 
exhausted. The Japanese husbandman never breaks up a plot 
of land, unless he possesses a small stock of manure, which he 
may invest in th^ ground ; and even then he only cultivates this 
new plot to the extent his supply of manure will permit. This 
rational proceeding shows the deepest insight into the nature of 
the system of agriculture to be pursued with a reasonable pros- 
pect of securing a constant succession of remunerative crops. 
No other illustration can so clearly show the difference between 
our European way of viewing the matter and the Japanese. 
We, in Europe, cut down the trees on a forest plot, sell the 
timber, grub up, plough and till the ground, and then proceed 
to dispose of the productive power of the new soil, in three 
cereal crops, obtained without the least supply of manure ; or 
we may possibly assist in accelerating the exhaustion of the 
ground by a small dose of guano. All that this course of pro- 
ceeding is calculated to accomplish is, that we have now to 
distribute the manure hitherto produced on our estate over a 
somewhat more extended surface than formerly. When the 
Japanese husbandman breaks up a plot of ground, he finds a 
virgin soil, the productive power of which he has not the least 
intention of impairing. He therefore, from the very outset, 
takes care to establish a proper balance between crop and 
manure, expenditure and income, maintaining thus intact the 
productive power of the ground, which is all that can reasonably 
be attempted by any rational husbandman (‘Annal. der 
Preuss. Landwirthschaft,’ January, 1862). 


APPENDIX H (page 247). 

We would earnestly recommend all inquiring travellers in 
other parts of the world, to endeavour to ascertain, above all 
things, what are the proportions of the annual produce of the 
various cereals and cultivated plants raised in a continued suc- 
cession of crops on unmanured soil of different kinds in the 
sam^ place, and under the climatic influences of widely differing 
degrees of latitude. In so far as the author has been able to 
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obtain reliable information on the matter, from various countries, 
more especially from the torrid zone, a careful examination of 
the facts ascertained would appear to refute everywhere the old 
wide-spread error that a very fruitful soil, under favourable 
climatic conditions, in the tropics for instance, will continue in- 
exhaustible, even without receiving back from the hand of man 
the mineral matters removed in the crops. Even in the most 
enchanting lands of the tropical zone, on the most fruitful vol- 
canic earth, such as is found in the old country of the Incas, 
the tableland of Quito, Imbabura, Riobamba, Cuenca, &c., a 
long-continued succession of crops drained the soil wherever it 
was impracticable to convey to the fields by artificial irrigation 
the mud carried down by the torrents of the Andes. In those 
regions water, aided by the wide-spread old volcanic mud 
streams (Lodozales), plays the part, which guano and farm-yard 
manure do elsewhere, of restoring to the soil the mineral con- 
stituents removed by a continued succession of crops. In most 
of the provincts of Persia, more especially in Aserbeidschan and 
in a great portion of Armenia and Asia Minor, the irrigation 
canals everywhere met with serve the purpose, not so much of 
moistening the ground, as of conveying to the land in the 
valleys the mineral detritus washed from the mountains at the 
time of the melting of the snow. This method of artificial 
manuring by irrigation is commonly applied also in those 
countries where there i« no lack of rain and dew. It subserves 
the same purpose as the mud of the Nile in Egypt, viz. to 
replace the action of farm-yard manure. Where the mineral 
constituents removed by a long succession of crops are not 
restored to the ground either by animal manure, or by irrigation, 
the soil is almost completely drained of its productive powers, 
as is the case, for instance, in certain parts of the extensive 
table-lands of Tacunga and Ambato (in the South-American 
State Ecuador), where barley will often barely give a two or 
threefold return, notwithstanding the frequent alternations of 
rain and sunshine. From the most reliable information ob- 
tained by me, even the most fertile estates in San Salvador and 
Chiriqui, in Central America, with their most fruitful, loose, tra- 
chytic soil, abounding in potash and silica, cannot show a single 
field on which maize has been grown for thirty years runni% 
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without a considerable reduction of produce — a fact which 
sufficiently refutes the old mistaken notion of the inexhaustible 
fertility of the soil in the tropics. ^ 

On the western coast of Peru only those parts are extremely 
sterile, where no little artificial canals convey to the dry soil the 
water from the torrents of the Andes, which carries with it the 
mineral detritus washed from the declivities of the mountains. 
Wherever such artificial canals exist, and the conditions of the 
ground are favourable, the soil on the coast as well as in the 
interior of Peru and Bolivia is almost as productive as in the 
interior of the highlands of Ecuador, NewGrranada, and Guate- 
mala. But it is not the water which is the agent in maintaining 
the steady productiveness of the soil, but, as in the case of 
the Delta of the Nile in Egypt, it is the mud carried along 
with the water, and which has been washed away from the dis- 
integrated rocks of the Andes. The constituents of this mineral 
detritus, which are partly contained in the water in a state of 
minute mechanical division, and partly held ingchemical solu- 
tion, are brought to the fields by small channels. The water 
thus conveyed from the mountains in innumerable furrows is 
soon absorbed by the soil or evaporated, leaving a rich fertilising 
deposit behind. Pure rain water would be of very little avail, 
as, for instance, in the extensive tableland of Tacungar, with its 
barren pumice stone fields, where quite near the equator rain 
pours down almost daily during nine months of the year. It is 
not the atmospheric water that acts as the fertilising agent, but 
the muddy streamlets from the Andes. In Peru the fertilising 
action of guano is more enduring than in England, because the 
potash which the guano does not restore to the soil, is there 
supplied in the detritus from the trachytic constituents of the 
Andes ridge, which abound in felspar. This natural mineral 
manure is of the same high value in the South American lands 
of the Andes chain as the fertile Xoss, accumulated by the great 
flood in past ages at the foot of the Bavarian and Swiss Alps. 
It is a fact full of meaning that the inhabitants of those parts 
of America should have arrived at the same simple means of 
restoring to the land the mineral constituents carried away by 
the crops, which are at the present day generally resorted to 
also under simOai* favourable conditions of the ground in the 
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mountainous regions of Asia Minor, Armenia, Gfrusia, Western 
* Persia, as well as in the north of Mesopotamia (Mossul), and, if 
I mistake not, in Thibelfalso. The waters of the rivers Kur, 
Araxes, Euphrates and Tigris, are in. spring just as turbid and 
as much impregnated with mud, which* simply means earthy 
particles, as the Nile, and as the East Persian river Herirud, 
which it is well known is altogether absorbed up in fields and 
gardens. The experience of ages past has no doubt taught the 
inhabitants of these ancient countries, in both hemispheres, this 
way of restoring to their fields the incombustible constituents 
removed from them in the produce carried away to the large 
towns (Professor Dr. Moritz Wagner ; see Supplement to ‘ Augsb. 
Allg. Zeitung,’ No. 36, February 5, and No. 173, June 2*^, 
1862). 


APPENDIX I (page 341). 

ANALYSIS OP CLOVER MADE BY DR. PINCUS. 

100 parts of air-dried clover contained, — 
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12-26 

13-04 
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Vegetable fibre . 
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Mineral constituents . 
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7-94 

6-65 

11-46 

7-45 

KffUal 

Protein substances . 
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Ash CONSTITTTBlfTS. 

100 parts of ash contained, — 
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Clover manured 

Clover manured 
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with sulphate 
of magnesia 

with sulphate 
of lime 

Chlorine 

• 
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Carbonic acid 
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Sulphuric acid 
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2*36 

3*29 

Phosphoric acid . 
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8*87 

Silicic acid . 
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Soda . . 
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3*03 

2*73 

Lime . 
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Calchlated tjpoh the Ash free prom Carbonic Acid. 
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1*66 

2*14 

Sulphuric acid .... 

1*69 

3*02 
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Phosphoric acid .... 

10*14 

10*86 
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Silicic acid 

3*40 

3*26 

3*81 

Potash 

42*73 
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43*77 

Soda 

2*70 

3*87 

3*37 

Lime . . . . ' . 

27*62 

26*40 

23*72 

Magnesia 

7*47 

6*74 

6*77 

Sesquioxide of iron . . •. 

1*20 

1*66 

1*16 


99*41 

99*31 
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The remarkable investigations by Dr. Grrouven of the Clover 
disease deserve also a place here. 

The so-called ‘ clover disease ’ manifests itself in the clover 
plant, at the period of flowering, by the appearance of a multi- 
tude of brown spots of cryptogamic plants covering stems and 
leaves. The result of the affection is not simply a failure of 
the clover crop, but the produce reaped is unwholesome for 
cattle. 

In his examination of the diseased clover, Grrouven compared 
the organic and the ash constituents of the diseased with those 
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of the healthy plant. Both the healthy and the diseased clover 
were produced from a mixture of seeds of red clover, lucerne, 
and esparsette, such as *is usually grown at Salzmunde, where 
the experiments were made. The samples for examination and 
analysis '^ere taken from the field on August 12. The analysis 
of the healthy plant was confined to the determination of the 
organic substances and the amount<f ash. 

100 parts of air-dried clover-hay contained, — 



Diseased clover 

Healthy clover 




Protein substances 



l.i'at 


2*8 

Saccharine matter, calculated as starch* 



Non-azotised compounds unknown . . . 



Woody fibre 



Ash ......... 

6*9 


# 

100*0 

100*0 


The composition of the ash of the diseased clover was com- 
pared with that of the ash of red clover (Wolff) and esparsette 
(Way).| The ashes were calculated after deduction of carbonic 
acid, sand, clay, and sesquioxide of iron. 
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0*7 

3*5 

Lime . 

m 

• 
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• 

• 
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13*08 
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* 
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2*0 

Sulphuric acid 

• 


• 
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Phosphoric acid . 
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8*4 
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Silicic acid . 

• 

• 

• ! 

4*88 

7*0 

4*3 





200*07 

99*6 

99*4 


Grrouven is led to conclude from the result of his examination 


* Substances convertible into sugar by sulphuric acid. 
t'With O’l of ash and 0*184 of protein substances. 

I Compare also the preceding analysis by Dr. Fincos. 
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that the primary cause of the clover disease is attributable to a 
change in the chemical composition of the plant, which again is 
caused by an altered condition of the soil. The very consider- 
able deficiency of phosphoric acid and potash in the ash of the 
diseased plant is certainly remarkable Zeitschrift*der land- 
wirthschaftlichen Centralvereins der Provinz Sachsen, 1861,’ 
page 73). 
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■ — mode of estimating nutritive mat- 
ter in, by chemical analysis, 119 
Ash constituents, number necessary for 
the growth of plants, 2 

necessary for the formation of 

organic compounds, 24 
Asparagus, analysis of the ash of, 366 
Average crop, meaning of, 252 
of wheat, rye, and oats, 167 

— — diminution of, in Hessian Ehine, 
263 

B aden, Grand Duchy of, food of sol- 
diers in, 272 

Baker and Jarvis islands, guano, 278 
Barley, action of soda in the production 
of seed in, 339 

— plant, mode of growth of, 154 
Bavarian experiments with salts of am- 
monia and guano, 301 

with sea salt, 336 

with nitrates, 339 

with superphosphates, 147 

Beans, growth of, in powdered turf, 109, 
385 

Beech leaves, analysis of, 353 
Black soil, of Kussia, its fertility, 221 
Biennial plants, growth of, 17 
Bineau, amountof nitric acid and ammo- 
nia in rain water, estimated by, 289 
Bogenhausen, experiments with sea salt, 
337 

with salts of ammonia and with 

guano, 302 

— soil, amount of nitrogen in, 306 
Bones acted on by steam, 277 
Bone-earth, distribution of in the soil 
effected by organic matter, 77 


CLO 

Bone-earth and guano compared as to 
rapidity and duration of action, 279 

Saxon experiments with, 279 

with salts of ammonia, effects of 

compared with guano, 258 
Bottger, formation of nitrite of ammonia 
by, 327 

Boussingault, amount of ammonia in air, 
290 

and nitric acid in rain 
water and dew, 290 

formed in com- 
bustion of coal gas, 327 

— on the growth of plants without ni- 
trogenous food, 43 

w 

QENTAUEEA, Cyanus, ash of, 235 

Cereals, moaning of average crop of, 
252 

— average crops of in Bavaria, 211 
in Hessian Ehine, 253 

— conditions for their growth, 142 

— change produced in the arable soil 
by the cultivation of, 226 

— cause of difference in corn and straw 
in, 198 

— effect of removing leaves, &c. from, 
before flowering, 28 

— nitrogenous compounds in, not al- 
ways the same, 267 

— influence of lime or magnesia on 
the nitrogenous compounds in, 258 

— influence of temperatxire on the 
growth of, 34 

— ratio between albuminous and non- 
albuminous constituents in seeds of, 
40 

— increase at first in roots, 34 

— produce of stalks and shoots in pro- 
portion to the developement of roots, 
34 

— produce of, with superphosphates, 
147, 160 

compounds of ammonia, 

296, 302, 303, 304 

common salt and nitrate 

of soda, 336 

Charlemagne, records of, 243 
Chemical analysis of soils, limited value 
of, 221 

Clover, analysis of, 405 

— ash, analysis of, 406 

— diseased, analysis of, 407 
ash, analysis of, 407 

— effect of gypsum on, 341 

— crops bear no proportion to the sul- 
phuric acid in the experiments of Dr. 
Fincus, 344 
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CLO 

CloTer, requires nearly the same consti- 
tuents as the potato, 207 

— and turnips, effect of in opening 
the soil, 90 

— *sick field, 137 

— explanation of by Lawes and 

Gilbert, 162 

Compensation, law of, 242 

Compost, 146* 

Compound manures, action of, not de- 
pendent upon one constituent alone, 
263 

Copper in ash of plants, 68 

Corn, conditions for formation of, 199 

Corn and straw, constituents in soils, 
200 ^ 

relative proportions of in 

cereals affected by the weather, 192 

in the Saxon ex- 
periments, 198, 203 

Crops reaped afford no indication of 
quantity of nutritive matter in the 
ground, 194 

Cuunersdorf, manure experiments, 190 

— produce of unmanurcd fields of, 190 

— nearness of food in soil of, 197, 204 
produce with farm-yard manure, 208 

— increased produce by farm-yard 
manure, 209 

— soil, depth to which manure pene- 
trates, 224 

— produce with guano compared with 
farm-yard manure, 267 

— produce with bone-earth and com- 
parison with guano, 279 

— produce with rape cake, 283 

— experiments, effect of the nitrogen 
in, 286 


D ECEEASING crops, progress of, 
169 

Diffiision, law of, does not explain the 
absorption of food by roots of plants, 
53 

— experiments, 66 

Disinfection of excrements does not 
affect their energy, 274 
Distribution of food by chemical and 
mechanical means, 87 
Drainage, effect of, 90, 95 
— removal of siliceous plants by, 81, 
— water, its composition, 91 
— — anaysis of, 363 

does not dissolve the food of 

plants, 95, 96, 102 

Duckweed, power of selection in roots 
of, 61 

Dung, mechanical action of, 146 


FAR 

E AETHY phosphates, 276 

effect of, less marked in first 

year, 278 ^ 

— — diffusion of, through the soil, how 
effected, 75, 77, 137 

require the presence of potash 

and silicic acid in the soil, 278 
and guano, comparative experi- 
ments with, 279 

European husbandry, present state of, 
237 

decline of, produced by the sys- 
tem of farm-yard manuring, 262 

illustrated by Hessian 

Ehine district, 253 
Excrement, contain ash of food, 184 
— of man, 272 

collection of, in Eastadt, 273 

value of, 273 

not injured by disinfecting 

with sulphate of iron, 274 
Exhaustion of soils, its nature, 74,* 76, 
212 

known by the average crop, 

252 ^ 

in chemical and agricultural 

sense, 166 

— — — law of, 167 

retarded by growth of fodder 

plants, 175 

— of wheat, oat, and rye soils, 172, 
177 


F allow, 74 

Ealso teachers in agriculture, 239, 
247 

Farm-yard manure, 144 

effect of, varies with the 

composition of the soil, 212 
depends on the mi- 
nimum nutritive matters in the soU, 
213 

— its mechanical action, 214 

restores fertility only by sup- 
plying one or more deficient ingre- 
dients of the soil, 213, 229 

law regulating the quantity 

to be applied, 218 

produce from, 208 

in the Saxon experi- 
ments not always equal to the quan- 
tity ^applied, 209 

* — why generally useful, 214 

— — — Saxon experiments with, 208, 
218 

— — manuring system, 188, 226, 
236 
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Farm-yard manuring system, changes 
produced in the composition of the 
soil by, 226 

— — final result of, 231 

illustrated in 

the Saxon experiments, 231 ^ 
Fodder plants, proportion retained in 
bodies of animals, 227 
^ — transfer food fiom subsoil to 
surface soil, 26 

Fontinalis, antipyretica, ash analysis of, 
370 

Food, physically and chemically com- 
bined in soils, 71 

— not absorbed by plants from solu- 
tions in soils, 86, 96, 102 

— diffusion ofi in soils, how effected, 
76^ 77 

by chemical and mechanical 
means, 87 

— closeness of in soils, 197 

G ^OUVEN, analysis of diseased 
clover, 407 

Guano, amount of, equivalent to farm- 
yard manure, 301 

— and bone-earth, eflTects of, compared, 
279 

— and farm-yard manure, amount of 
phosphates and nitrogen in, 264 
— from Baker and Jarvis islands, 278 
— fertilising action of, attributed to 
its nitrogen or ammonia, 258, 296 

due in many cases to fixed 

constituents, 268 
— deficient in potash, 261 
— and farm-yard manure, effects of, 
compared, 261 

— when its application will be success- 
ful, 263 

— continued use of, exhausts the soil 
of silica and potash, 264 
— mixed with sulphuric acid and turf 
or sawdust, 265 

— - peculiar effects of, illustrated in the 
Saxon experiments with different 
crops, 266 

— and salts of ammonia, comparative 
experiments with, in Bavaria, 301 
Gypsum, 336 

— experiments on clover, 340 
— action of arable soil on solutions of, 346 
— effects the distribution of potash 
and magnesia in soils, 347 

H OESE-CHESTNUT, analysis of ash 
of leaves of, 366 

Hiiman excrements, value of, as manure, 
illustrated at Eastadt, 272 


LEA 

Human excrements, price of, 272 

not injured by deodorising by 

siilphate of iron, 274 


I GNORANT practical men, 249 

Iodine, different amount in different 
plants, 58 

Iron necessary for plants, '67 
Irrigation, mineral matters supplied in, 
402 

— water, suspended mud of, most va- 
luable, 403 


J APANESE husbandry, 387 

dispenses with cattle feeding, 

389 

— soil, 386 

— supply of manure, 390 
— mode of constructing privies, 391 
— mode of preparing excrements and 
compost for application in field, 392 
— system of manuring, only one of 
top-dressing, 393 

— system of planting in rows, 394, 
399 

husbandry compared with European, 
396 

— tillage of the soil, 398 
— succession of plants illustrated, 400 
Jerusalem artichokes, effect of the cul- 
tivation of, on arable soil, 222 


K NOP, experiments of, on growth of 
plants in solutions of their food, 373 
Kolbe, formation of nitrous acid, 327 
Kotitz, unmanured field produce from, 
190 

Kroker, estimation of nitrogen in soils, 
306 

— analysis of drainage water, 364 
Kuhlmann, experiments with stilts of 
ammonia, 304, 386 

sea salt, 336 

lime, 360 


L arge crops indicate the available 
condition of the mineral food, 194 
— — - depend on the closeness of the 
nutritive substances in the soil (fi- 
gure), 196 

Lawes and Gilbert on clover sickness, 
167 

— reason of the failure of the ex- 
periments of, 160 

Leaves, principal conditions for the for- 
mation of, 234 
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Leaves, removal of, from turnips, 27 
Lime alters the condition of the soil, 
349 

— beneficial effect of, 83 

— experiments with, 350 

— action of, on soils, 81 

— — on a drained marshy soil, 84 

— water, effect of arable soils on, 351 
Lysimeter waters, 92 

analysis of, 363 


M AG-NESIA, dispersed in soils by the 
agency of gypsum, 347 
— influence of, on the formation of 
nitrogenous compounds in seeds, 258 
— necessary to plants, 257 
Maize, growth of, in solutions of its 
food, 375 

— in flower, produces seeds if placed 
in water, 38 
Manure, nature of, 183 
— and tillage, 131 

— change in the classification of, 308 
Manure, beneficial action of, in restoring 
the relative proportions of mineral 
matters in soils, 127 
■— excessive use of, gives no advantage, 
213 

— reason of decreasing value of, by 
system of rotation, 230 
— nitrogen, classification of, 294 
— action of, not always proportional to 
quantity used, 215 

Manxrred land, produce o^ in Saxon 
experiments, 208 

Marine plants, power of selection of 
food in roots of, 52 
Matricaria chamomilla, ash of, 235 
Maiisegast, unmanured field, produce 
from, 190 

Mayer, experiments on soils with 
caustic alkalies, 312 
Meadow grass, effect of sea-salt on, 
340 

Metals found in plants, 55, 57 
Mineral matters, absorption of, by soils, 
133 

to be restored, vary in different 

soils, 250 

restored by farm-yard maniire, 

227 

lost in crops in the Saxon ex- 
periments, 232 

restoration of all, necessary, 249 

Minimum, law of, 213, 216 
Monocarpous plants, have distinct pe- 
riod^ of growth, 25 
Moss water, analysis of, 372 


NUT 

AEGELI, experiments on nutrition 
of plants, 106 
Nile, valley of, reason of its permanent 
fertility, 246 

Nitrate of ammonia, formation of, 327 
Nitrate of soda, 334 

• action of, on earthy phos- 

phates, 79 

experiments on cereals with, 

by Bavarian Society, 338 
Nitric acid in rain water, 289 
Nitrogen classification of manures, 294 

— esteemed chief agent in maniiros, 
293 

— indefinite idea of, in manures, 294 

— assimilable and sparingly assimi- 
lable, 295 

— amount of in soils, 305 

— amount of, in different layers of 
soils illustrated in Russian black soil 
and in Caen soil, 311 

— cause of the inactivity of the great 
mass of, in soils, 319 

— most abundant in the upper ten 
inches of soils, 311 

— in soils and farm-yard manure com- 
pared as to effect, 315 

— profit and loss of, in the Saxon ex- 
periments, 291 

Nitrogen compounds, function of, in 
seeds, 45 

in annuals, 45 

in perennials, 47 

in soils bear no ratio to their 

» productive powers, 306 

supposed different forms of, in 

soils as operative and inoperative, 
307, 309 

— — in soils not distinguished by ac- 
tion of alkalies, 312 

in farm-yard manure only partly 

separable by ^stillation with alkalies, 
315 

in manures and soils, different 

effects of, on what dependent, 316 
Nitrogenous food, experiments on the 
growth of plants without, 43 

removed in crops is more than 

fully restored by rain, 292 

restored to soils by fodder plants, 

329 

Nitrogenous manures not always the 
most efficacious, 286 

effects of, not proportional to the 

nitrogen present, 303 ■ 

first effect of, 331 

^ when required, 329 

Nutritive substances, closeness of in 
soils (figure), 196 
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Nutritive substances, proper relative t 
proportions of, 127 

maximum and minimum of, in 

soils, 213 

minimum of, regulate the crop, 

213 

. elFect of the absorption of, in the 
upper layers of the soil, 161 


O AT, food of, derived from arable soil 
(figure), 204 

— and turnip compared, 39 
— several stages of growth of, 36 
Oberbobritzsch, unmanured field, pro- 
duce from, 190 

Oberschona, unmanured field, produce 
from, 190 

Organic matter in manure does not ar- 
rest exhaustion, 186 

incorporation of in soils improves 

their physical condition, 89 
Osmosis, laws of, 63 


JpALMS, starch in stems of, 356 

Peas and barley plant, growth of com- 
pared, 154 

Perennial pknt, mode of growth of, 13 
Peruvian guano, composition of, 256 

and ash constituents of seeds, 

diflference of, 257 

effect of, due to the presence of 

oxalic acid, 259 

— - — moistened with sulphuric acid, 
made more quickly available, 260 
Phosphate of lime, diffusion of in soil, 
79 

Phosphoric acid and nitrogen, propor- 
tion between in oats and turnips, 39 
Pierre, analysis of soil by, 311 
Pincus, experiments on clover with gyp- 
sum, 340 

Plants, annual, biennial, and perennial, 
vital properties compared, 13 

— annual, mode of growth of, 17 
leafy, mode of growth of, 28 

— biennial, mode of growth of, 18 

— perennial, mode of growth of, 14, 26 
— - growth of, without nitrogeneous 

food, 43 

— growth of in turf, 106 

in solutions of their food, 103 

- — underground organs of, 12, 14 

— rich in starch, sugar, and gum, con- 
tain much potash in their ash, 24 

— - store up food in certain organs for 
future use, 26 

Pools, analysis of stagnant water of, 96 


EYE 

Potash in soils, not always available, 
248 

— necessary for vegetation, 257 

Potato, constituents of, 204 

draws its principal constituents from 
the arable surface soil, 204 

— effect of the cultivation of, on arable 
soil, 222 

Poudrette, nature of, 271 

Practical men, 246 

their teaching and practice often 

opposed to each other, 333 

Protoplastem of wheat plants, propor- 
tion between nitrogenous and non- 
nitrogenous substances in, 41 


E ADICATION of plants, 9 

importance of a know- 
ledge of, 1 1 

Eape-cake, its composition, 282 

more diflfusible in soils than 

guano, 283 

its fertilising action illustrated in 

the Saxon experiments, 283 
Rastadt, soldiers’ food and excrements, 
272 

Restoration, law of, properly interpreted, 
251 

Rhenish Bavaria, exhaustion of soil of, 
245 

River waters, analyses of, 371 
Roots, absorption of mineral matters by, 
69, 80 

— absorption of food by, not an osmotic 
process, 53 

— do not offer permanent resistance to 
the chemical action of salts, 56 
— importance of their developement in 
cereals, 34 

— mode in which they absorb food, 
100 

— length of, 11 

— power of selection of food in, 51, 
65 

— principal conditions for the formation 
of, 234 ^ 

— spread in search of food, 85 
Rotation, succession of crops in, de- 
pendent on the cereals, 235 
— system of, does not ultimately in- 
crease corn crops, 241 
— general results obtained in the Saxon 
experiments by, 285 
Rye, cultivation of, instead of wheat, 
shows deterioration of soil, 245 
— soil, 115 

conversion of, into wheat soil, 

123 
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SAN 

O ANDY soil, productive power of, 139 

O and loam compared, 140 

Sap, Hales’ experiments on the motion 
of, 369 

Saxon experiments yith lime, 350 

on unmanured land, 190 

with farm-yard manure, 208, 218 

with bone-earth, 279 

— — with rape-cake, 283 

profit and loss of nitrogen in the 

soil, 291 

Schattenmann’s experiments with salts 
of ammonia, 297 

Schmid, on nitrogen in Russian black 
soil, 311 

Schdnbeiu, nitrite of ammonia in 
oxidation and combustion discovered 
by, 326 

Sea-salt, experiments with, by Kuhl- 
mann, 336 

with cereals, experiments by Ba- 
varian society, 336 
Seeds, germination and growth of, 3 

— conditions for the formation of, 49 

— effect of mineral matter on the growth 
of, 44 

— functions of nitrogenous matter of, 
43 

— importance of good, 7 

— selection of, 8 

Silicates, effect of organic matter in 
soils, in the difiusion of, 80 
Siliceous plants, removed by drainage, 
81 

Silicic acid, deficiency or excess in soils 
injurious, 81 

excess of, how remedied, 82 

distribution of, promoted by 

growth of grass, 80 
Sod and subsoil, 64 

— when fertile, 65 

— chemical analysis of, no guide to its 
productive power, 63, 114 

— exhausted, how restored to fertility, 
73 

— estimation of substances physically 
combined in, 119 

— for wheat, rye, and oats, 115, 121 

— different layers of, contain food for 
different plants, 154 

— change produced by cereals in, 226 

— composition of, restored by fodder 
plants, 227 

— distillation of, with alkalies, 313 

— from bogs and ditches, fertilising 
effect of, 99 

— exhaustion of, in Rhenish Bavaria, 
245 

— food in, not inexhaustible, 244, 
247 


TOB 

Soil, fertility of, not due to its nitrogen, 
305 

— importance of improving the physical 
condition of, 89 

— mineral matters of, lost in com and 
cattle sold, 228 

— nutritive power of, estimated by 
amount of food physically combined, 
72 

— productive power of, estimated by 

the available nitrogen in form of am- 
monia and nitric acid, 307 * 

— progress of exhaustion of, 167 

— production of CQ|n and straw in, 
during the progr^ of exhaustion, 
172 

— restoration of productive power to, 
requires nitrogenous as well as mine- 
ral food, 328 

— restoration of nitrogenous food to, 
effected by fodder plants, 329 

— - permeability of, to manures, 223 

— producth^e power of, 125 

— proper relation between food ele- 
ments in for fertility, 127 

— upper layers of, retain the dung 
constituents, 228 

— saturated with mineral matter, ma- 
nuring with, 143 

— absorptive power of, 67 

— effects chemical decompo- 
sition, 69 

— knowledge of, valuable, 225 

for potash, 124 

for ammonia increased ty 

organic matter, 141 

for phosphates of lime and 

magnesia, 136 

for silicic acid, 138 

Starch in stems of palms, 357 
Stohmann, experiments on the growth 
of plants in solutions of their food, 380 
Str^, formation of, 199, 203 
Subsoil, accumulation of organic matter 
in, injurious to deep-rooting plants, 83 

— period of exhaustion of, 230 

— . mineral matter of, supplied to sur- 
face soil by fodder plants, 227 
— - not reached by mineral matters of 
manures, 156 
Superphosphates, 276 
— - experiments with, 147 


T illage, beneficial action of, 113 
Tobacco plant, mode of growth of, 

28 

quantity of albumen and nico- 
tine in, modified by treatment in 
growth, 31 
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TschemO‘Sem, or black earth of Eussia, 
nitrogen in, 311 

Turf saturated with food of plants, ex- 
periments with, 107 
Turnips, growth of, 18 

— influenced by removal of 
leaves, 27 

U NMANITEED land, experiments in 
Saxony on, 190 

•produce of, dependent on pre- 
ceding crop, 191 

# 

Y OLKEE, absorption of soils for am- 
monia, 140 

— analysis of farm-yard manure, 145 
— estimation of ammonia in farm-yard 
manure, 315 


ZOE 

Weeds, cause of their production, 234 

Wheat crop, quantity of phosphoric acid 
and potash removed from soil by, as 
compared with rye crop, 119 

— effect of potash on, 339 

— fleld, retardation of the exhaustion 
of, 175 

— growth of, 33, 41 

*— produce of, from salts of ammonia, 
according to Lawes and Gilbert, 322 

— produce of, with superphosphate of 
lime, 147 

— soil, 115 

exhaustion of, 170 

Winter wheat, mode of growth of, 33 

effect of temperature on, 34 

Wood, ash, 287 

mixed with earth for application. 


W ALNUT leaves, analysis of ash of, 
355 


Water, drainage, lysimeter, tiver and 
marsh, analysis of, 96, 363 
— in soils, contains different quantities 
of nutritive matters, 98 
Water, solvent action of, on soils in 
lysimoters, 365 

Way, analysis of drainage water, 363 


Z ENKEE, comparative experiments 
with bone-earth and guano, 279 
Zinc in the ash of Viola calaminaria, 
57 

Zoeller, experiments on the vegetation 
of plants in turf, 106 
— ihode of analysing soils, 119 
— analysis of guano by, 257 
lysimeter waters by, 365 
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Lettsb l.--The conflict between Science and Practical 
Agriculture; The foundation of Asriccflture is ex^ 
f^erience; Progress founded on experience has its 
limits ; The connection of Agriculture with Chemis* 
try and the subsequent redaction; Progress in 
Agriculture must be based on the Inductive Me- 
thod; False Teachers of Agricultural Science; 
Practice based on the blind experience of others 
leads to error; The rejection of scientiflc teaching 
by practical men due to their ignorance of the real 
object of Science ; The solution by mere practical 
men of questions proposed by Agricultural Societies 
cannot advance Agriculture; The rejection of all 
scientiflc instruction by practical men only leads to 
self-deception. 

Lsttbb 2,— Present profit is the leading principle of 
the prevailing system of Husbandry ; This system 
is one of danger to Agriculture; General view of the 
Nutrition of Plants; Atmospheric and Mineral 
Food ; The absolute necessity to Plants of all the 
Constituents of their Mineral Food ; Present views 
of the Nutrition of Plants erroneous ; Rain Water 
does not dissolve out the Mineral Matters in the 
Soil ; Remarkable absorbent power of Soils for the 
soluble Mineral Food of Plants, and particularly for 
Potash, Ammonia, and Phosphoric Acid; This 
power is limited, and varies with the Soil ; Organic 
matter in the Soil materially modifies this power. 

Lktteh S.— Our cultivated Plants do not receive their 
Food from Solution; Roots of Plants derive their 
Nourishment only from those portions of Soil ab- I 
solutely in contact with them ; Tide view supported ’ 
by the composition of River, Well, and Drainage 
Water ; Tlie Roots of Plants must tliomselves exert 
some peculiar action in N utrition ; The Life of Land- 
plants endangered by Food when in Solution ; In 
Water-plants the laws for the absori)tion of Food 
must differ from those of Land-plants ; The Ash of 
duck-weed shows that Plants have a Power of 
selecting their Food; Reason why Mud from stag- 
iiaTit pools is a good Manure ; Remarkable power for 
absorbing Moisture possessed by Soils; By absorp- 
tion and evaporation of Moisture the Soil Is warmed 
or cooled ; Great importance of this fact to Vege- 
tation; The two Sources firom which Moisture ft 
absorbed by the Soil ; Natural Law deduced from 
the above facts. 

Lktteii 4,— The Belief In the value of Humus no longer 
exists ; its Action now ascertained; Etfeot of the 
Salts of Ammonia not dependenton their Nitrogen ; 
q'he action of Nitrates like that of the Sedts of 
Ammonia; Experiments with Nitrates and Chlo- 
rides; Experiments with salts of Ammonia alone, 
and with the addition 6t Common Salt; Solubility 
of the Earthy Phosphates in solutions of Chlorides 
of Ammonium and of Sodium, and of Nitrate of 
Soda; Experiments with these Salts: Their Solvent 
Action similar to that of Carbonic Acid Water; 

The Balts of Ammonia are decomposed in this Soil ; 
their two-fold f:ction; Difihfence in the Comport- 
ment of Salts of Potash and of Soda in tiilt Soil; 
Potash extracted by Sulphate of Ammonia horn 
Silicates ; Application of the Action of Chili-salt- 
petre, Salts of Ammonia, and Chloride of Sodium 
to explain the increase of fertility in the sMl, and 
the Nutrition of Plants. 
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LnrsnS.—Nofree Ammonia in the Soil; Theamount 
of Food obtained firom the Soil by Plants is in pro- 
portion to the absorbent Root-surface : The early 
development of Roots due to the accumulation of 
Nourishment in the Surface-soil; Estimations of 
the quantity of Ammonia in our cultivated fields; 
A deficient crop not due to the Absence of Ammonia 
in the Soil ; Experiments with Salts of Ammonia : 
the Crops only slightly Increased thereby ; Increase 
of produce due to accompanying Minerals ; Ei^^ 
riments of Lawes and Kuhlmann with Salts of 
Ammonia, &o.; The fertility of a field dependent 
on the sum of the Mineral matters in it ; The ac- 
tivity of these Minerals increased within a ^ven 
time by the Salts of Ammonia; The Soil more 
rapidly exhausted by their use, unless there is a 
restoration to it of the removed Mineral matters. 

Letter 6 .- The amount of Carbonic Acid and Am« 
mouia in the Air; The Balance of Organic Life; 
The Absorption and Assimilation of Fo^ differs in 
Perennial and in Annual Plants ; The mode of 
Growth of Perennial, Annual, and Meadow Plants ; 
The quantity of Nitrogen in different Crops; Ad- 
vantage of Nitrogenous Manures to Cereals is not 
in consequence of the failure of Nitrogen from 
Natural Sources ; Organic and Nitrogenous Ma* 
nurcs useful in Annual Plants with small absorbent 
Leaf and Root-surface ; Effect of Nitrogenous 
Manures less marked in Plants with large Leaf- 
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sary to all Plants ; Green Crops condense Ammonia 
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ment of animals to Corn-fields ; The Nitrogen of 
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for a uniform distribHtioit of the food of l^ants in 
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Roots ; A field with mlMl Mineral Food 
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comparatively unproductive If it is not thoroughly 
mixed with the Soil ; The roots of a crop diminish 
the Mineral Food in .those portions of the Boil in 
contact with tl^; Fertility is restored to those 
portions by plbughlng and other mechanical means, 
which mix the soil and allow the roots to.ramiiy 
freely; Beason of the value of Green Manures; 
Estimation of amount of Mineral Food in the Soil 
to produce different Remunerative Crops ; Law of 
Exhaustion in soils for different crops: Action of 
Organic Remains in the Soil on the Mineral Con- 
stitiients ; Progress of dimiuutlcm in Grain and 
Straw of cultivated crops» when the Ash Constl* 
tuents are not restored to the soil, and when those 
of the Straw alone are returned ; Relation between 
the production of Leaves and of Grain; Relative 
proportions of Mineral Food required for Grain and 
for Root or Leaf-producing Crops ; The increase of 
Organic Matter and Nitrogen in the Soil by Green 
Crops, without the addition of Mineral Food, aug- 
ments the produce of Grairi, but hastens the period 
of Exhaustion of the Soil ; Progress of the Exhaus- 
tion of a Soil by the cultivation of shallow and of 
deep-rooting Plants; The manner in which the 
Subsoil contributes to the prolongation of the fer- 
tility of land; Importance of the formation of large 
roots after germination; Exhausted fields in an 
Agricultural sense; Fertility restored by Mtinures ; 
The nature of Manures; The part played by the 
Organic and Inorganic Matter of Manures ; Farm- 
yard Manure. 

Lettbb 9.— Constant relation between the Sulphur 
and Nitrogen of Organic Compounds and the Alka- 
line Plmsphates and Alkaline Earths of Cereals and 
Leguminous Plants; Mineral substances are as in- 
dispensable to the Life of Animals as to that of 
Pladts ; The amount of Phosphoric Acid and of 
Potash ascertained by analysis as existing in Soils 
is very small; The errors of Practical Teachers 
proved from the writings of Practical Agriculturists; 
Fertility of land cannot be maintained by Nitro- 
genous and Carbonaceous Manures alone, but by 
the Restoration of the Ash Constituents of Plants ; 
Critical examination of the views of Wak, a prac- 
tical teacher, on the Nutrition of Plants; The 
Mineral Food of Plants in Arable Soils is not Inex- ^ 
haustible; The Volatile and Organic Matters of 
Manures are not the most important ; The nature > 
of Guano and its active Constituents. 

Lbttbb lO,— The Empirical Agriculturist is a Trader; 
The duties of the empirical and rational Agricul- 
turist: ViewBof Albrecht Block; Rotation of Crops 
not unimportant— an Underground Crop is followed 
by abetter Cereal; Cropping of land without manure, 
and the removal of produce, cause Exhaustion; 
The Si)oliat ion system of Agriculture; Exhaustion 
of the lands in Nortli America by this system; 
Exhaustion of the Minos Geraes Fields; High 
farming is a more subtle system of Spoliation of the 
Soil ; Mutual relation of Clover, Turnip, and Corn 
Crops, and the results of removing from the lands 
the Mineral Constituents of these Crops respec- 
tively; The German system of Farming before the 
Thirty Years* War ; The German three-field system 
of rotation ; Introduction of Clover Cultivation into 
Germany; Opposition to its introduction; False 
teaching in oonnection with the value of znMiures. 

Lbttbb 11.— Ammonia is an element of food indis- 
pensable to Plants ; Comparison of the action of 
Water and Ammonia; Ammonia is an element of 
Food and a Solvent of Mineral Matters in the Soil ; 
Ammonia alone, or its Salts, useless to Plants, 
without Mineral Food I Vast amount of Ammonia 
in Arable Soils ; The • Nitrogen * Theory of Manures ; 


The error of attributing the chief value of a 
Manure to its Nitrogen ; The reason why the quan- 
tity of Nitrogen in Guano and Excrements may be 
taken as a standard. of their Agricultural value; 
Proper mode o( Comparing the relative effects of 
Goano, Ground Bones, and Chili-saltpetre ; The 
Loss of Fertilising Matter in the Flesh and Grain 
carried to large towns; the constant Loss of Phos- 
phates in the Excrements of the Inhabitants ; The 
importation of Guano most inadequate to replace 
this lossj Superiority of Human Excrement over 
Guano as a Manure for Corn Fields; Tobacco, Po- 
. tatoes, and Beet*root are more exliausting to a soil 
than Wheat ; Iidurious infiuence of extensive Cul- 
tivation of the Viiie on the production of Com and 
Wheat; Efifeot o(the Subdivision of the Land. 

Lbttbb 12.— Modem Agriculture has no history ; The 
reason of this; The history of Roman Agriculture 
shows the existence of the Spoliation system at that 
period; The works of Cato, Virgil, Varro, and Pliny 
inculcate, two thousand years ago, the same pre- 
cepts that are now taught by many Teachers of 
Agriculture*; Quotations from these writers, to 
show their opinions on the Exhaustion of the 
Ground— on the different kinds of Soils, and the 
modes ofimprovingthem— on the selection of Plants 
for the soils which are suitable for them- on fal- 
lowing-On the cultivation of Green Crops for ma- 
nures— oh the different kinds of manure and their 
relative values, and modes of managing them ; The 
various precepts inculcated of old only hastened the 
ruin of Jl^man Agriculture. 

Lbttbb 13.— The true object to be kept in view in 
establishing Scientific Principles ; In scientific 
Agricuiture, * Manure/ like the term * Phlogiston,* 
has no longer a meaning ; The cultivation of Green 
Crops for the purpose of keeping a stock of Cattle 
for manure is not necessary in the cultivation of 
land; The distinction between the Necessity and 
the Utility of keeping Cattle ; No necessary con- 
nection exists between the production of Corn, 
and that of Flesh and Cheese ; The fundamental 
principles of German Agriculture quite unknown in 
China; Chinese Agriculture; Tlie Manures em- 
ployed; Great value set by Chinese on human 
excrements— their mode of collecting and using 
them; Chinese compost ; Their mode of so wing and 
transplanting Wheat: Plants cultivated as green 
manure for Rice Fields ; The lesson taught by the 
Chinese system of Agriculture. 

Lbttbb 14,— The Law of Compensation is of universal 
application ; Elementary information on Cliemical 
subjects connected with Agriculture easily im- 
parted ; Importance of instrueting youth at school 
in those fundamental truths ; Theoretical ins true- 

^ lions should always precede Practical; The proper 
mode of instructing Agriculturists in the Theory 
and Practice of Agriculture ; Tlie present consti- 
tution of Agricultural Institutions very defective ; 
The false position of Science in Practiciil Agriculture 
is the result of the teachings of these Schools; The 
demands made by Science on Agriculturists are 
simple, and a knowledge of them, cannot prove in- 
jurious; Science demands that Agriculturists should 
test the Truths she advances ; The Truths in these 
Letters expressedby aFormula; Thevalue of Guano 
first discovered by Science; The establishment of 
Reservoirs for animal exoreta strongly recom- 
mended ; Reliance to be placed upon such Excreta 
rather than on Guano ; Chemistry can only help 
Agrioulturlsts after they have exhausted all the 
means at their disposal ; Notes on supply of Guano 
and on the Agriculture of Tuscany. 
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and of Bread ; Men living on Meat must eat a great deal, 
and take violent exercise ; Importance of Agriculture com- 
pared with Hunting by an Indian Chief ; Science teaches 
the economy of force ; Tendency of riches to inequality of 
distribution, and thence to universal circulation; Money, 
in the organism of the State, compared to the blood cor- 
puscles in the body, by the circulation of which the change 
of matter is effected, and life kept up; All human actions, 
as is proved by the statistics of births, deaths, crimes, and 
justice, are under strict natural laws; True science ascer- 
tains these laws, and teaches men to observe them. 

Letter 33.--Organic Life in the Ocean ; The Water 

yields Sea-plants all their elements ; Function of the Soil 
in Vegetation ; to furnish the Mineral elements to Plants; 
The Soil is exhausted if the Minerals removed by Crops 
are not restored by Animal manures, bone, earth, <Scc ; 
Causes of the luxuriant growth of Tropical Plants ; Peren- 
nial Plants and Trees require less Mineral food thin 
Annuals ; Explanation of tlie Effects of Drought on the 
lower leaves of Plants. 

Lbttrr 34.— .^riculture is both a Science and au Art : 
Its Objects ; Effects of Billowing, and of the Mechanical 
Operations of Agriculture. 

Letter 35. “Importance of Alkalies and Silica; Na- 
tural Silicates in Soil difficult of decomposition ; In Fal- 
lows thcKe are decomposed by the action of the Air ; Quick- 
lime effects the same object ; Effects of burning Clay. 
Letter 86.— Manures; Origin of Animal Manures; 
The Excreta contains the salts of the Food, the soluble are 
in the Urine, the insoluble in the Dung ; The same Salts 
(Phosphates, ftc.) from other sources are equally effit'acinus ; 
Theory of Manures ; The true Problem it to restore to the 
Soil all we remove from it ; The Excreta of an Animal fed 
on any Crop must be the best Manure for that Crop ; Note 
on the Author's experience and on Mineral Manures. 
Appendix,- History of the boy with the Golden Tooth ; 
Letter of QallUo to Madama Christina, Granduchessa 
Madre: Crumbs soluble Alumina; Cause of PuerpHral 
Fever m the Lying in Hospital at Vienna ; The Flesh of 
animals tortured to death dangerous as Food ; Local Causes 
of Intermittent Fever; Reported case of Spontaneous 
Combustion, letters of Regnault, Pelouze, and Carlier on 
the subject; New Estimation of the Quantity of Blood in 
Man by Bischoff; Estimation of tlie food consumed by 
working miners at the elevated mines at Gastein and 
Kauris : A new soup for Invalids ; a method for improving 
the quality of Breaa ; To bake bread from Sprouted Grain ; 
Legends of the Rhinegau. 
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ENGLISH. 

Dr. R. G. Latham. The English Language. 

Fifth Edition, revised and re-modcllcd. Complete in 1 voL 8vo. 18s., cloth. 

Latham's Elementary English Grammar for the Use of 

Schools. Eighteenth Thousand. Revised and Enlarged. Small 8vo. 4s. Gd., cloth. 

1 Latham's Hand-Book of the English Language.^ for the Use 

of Students of the Universities and higher Classes of Schools. 5th Edition. Small 8vo. 7s. Gd., cloth. 

I Latham' s Smaller English GrammarUor the Use of Schools. 

By Dr. R. G. Latham and Miss M.C. Mabekly. Fcp. 8yo. 2s. Gd. cloth. 

• Lathmn's English Grammar for Classical Schools, Third 

Edition. Revised and Enlarged. Fcp. 8vo. 2s. Gd. cloth. 

Latham' s Logic in its Application to Language, l^mo.^s. cloth. 
Abhotts First English Reader. Third Edition. 1 2w.e., 1 a\ 
Abbott's Second English Reader. ThirdEdition. 12mo., 
Mason's English Grammar, including the Principles of 

Graimnatical Analysis. 12rno. Second Edition. 2s. Gd. cloth. 

Mason's Grammatical Analysis of Sentences. 12mo., is. Qd. 
Mason's 'First Steps in English Grammar for Junior 

Classes. 18mo. Is. cloth. 

Mason's Alilton's Paradise Lost, Boohs L. and IT,, with Notes 

on the Analysis and Parsing. Crown 8vo. Each 2s. cloth. 

• Mason's Thon^son's Seasons, '‘'‘Spring," with Notes on the 

Analysis and Parsing, and a Life of Thomson. Crown 8v(). 2s. cloth. 


COMPARATIVE PHILOLOGY. 

Latham's Elements of Comparative Philology. Svo. 2D. cl. 

GREEK. 

The Englishman's Greek Concordance of the New Testament. 

Third Edition, revised. Royal Svo. £2 2s. 

Greenwood's Greek Grammar, including Accidence, Ir- 

regular Verbs, and Principles of Derivation and Composition; adapted to the System of 
Crude Foems. Small Svo. 6s. 6d., cloth. 

Kuhner's New Greek Delectus ; being Sentences for Trans- 

lation from Greek into English, and English into Greek ; arrangcil in a systematic Progression. Trans- 
lated and Edited by the late Dr. Alexander Allen. .5th Edition, revised. 12mo. 4s., clotli. 

Robson's Constructive Exercises for Teaching the Elements 

of the Greek Language, on a System of Analysis and Synthesis, witli Greek Reading Lessons and 
copious Vocabularies, 12mo., pp. 408. 7s. Gd., cloth. 

Gillespie's Greek Testament Roots, in a selection of Texts, 

giving the power of reading the whole Greek Testament without dilliculty. With Grammatical 
Notes and a Parsing Lexicon, associating the Greek primitives with English Derivatives. Post 8vo. 

7s. 6d., cloth. 

The London Greek Grammar. Designed to exhibit, in small ' 

Compass, the felemcnts of the Greek Language. Sixth Edition. 12mo. Is. Gd., cloth. 

Hardy and Adams' Anabasis of Xenophon. Expressly for 

Schools. With No^es, Index of Names, and a Map. 12mo, 4s. Gd., cloth. 
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Smith's Plato. The Apology of Socrates^ the Crito.^ and part 

of the Phaedo; with Notes in English from Stallbaum, Schleiermacher’s Introductions, etc. 
Edited by Dr. Wm. Smith, Editor of the Dictionary of Greek and Roman Antiquities, etc. Fourth 
Edition. 12mo. 5s. 

, LATIN. 

New Latin Beading Booh; consisting of Short Sentences., 

Easy Narratiqns, and Descriptions, selected from Caesar’s Gallic War; arranged in Systematic 
Progression. With a Dictionary. Third Edition, revised. 12mo. 2s. 6d. cloth. 

The London Latin Grammar ; including the Eton Syntax 

and Ihrosody in English, accompanied with Notes. Sixteenth Edition. Fcap. 8vo. Is. Gd. cloth 

Allen's New, Latin Delectus ; being Sentences for Transla- 

tion from t»atin into English, and English into Latin ; airangcd in a systematic Progression. Fourth 
Edition, revised. 12mo. 4s. cloth. 

Robson's Constructive Latin Exercises., for teaching tite Ele- 

ments of the Language on a System of Analysis and Synthesis ; with Latin Reading Lessons and 
Copious Vocabularies. Fourth Edition, thoroughly revised. 12mo. 4s. Cd. cloth. 

Robson's First Latin Readmg Lessons. With Complete 

Vocabularies. Intended as an Introduction to Caesar. 12mo. 2s. Cd. cloth. 

Smith's 'Tacitus ; Germania., Agricola., and First Book of 

the Annals. With English Notes, original and selected, and Botticher's remarks on the style of 
Tacitus. Edited by Dr. Wm. Smuth, Editor of the Dictionary of Greek and Roman Antiquities, etc. 
Tliird Edition, revised and greatly improved. 12mo. 6s. cloth. 

CcBsar. Civil War. Book I. With English Notes, For 

the Use of Students preparing for the Cambridge School Examination. 12mo. Is. Cd. 

Terence.,- Andria. With English Notes., Summaries^ and 

Life of Terence. By Newenham Tbayebs, B.A., Assistant Master in University College School. 
Fcap. 8vo, 38. 6d. 

USSHS W • 

The Englishman's Hebrew and Chaldee Concordance of the 

Old Testament. Second Edition, revised. Two Volumes royal 8vo. . £3 13s. 6d. 

IJurwitz's Grammar of the Hebrew Language, Fourth 

Edition. 8vo. 13s. cloth. Or in Two Parts, sold separately : — Elements. 4s. 6d. cloth. Ety- 
molooy and I^yntax. 9s. cloth. 

• 

PEENCH. 

Merlefs French Grammar, By P, F, Merlet., Professor of 

French in University College,' London. New Edition. 12mo. Bs. 6d. hound. Or sold in Two 
Parts:— PsoNUNCiATiON and Aocipenck, Ss. 6d.; Syntax, 3s. 6d. (Kny, 3s. 6d.) 

Merlefs Le Traducteur; Selections., Historical., Dramatic., 

and MiscEnLANKOus, from the best Fbxnch Wbiters, on a plan calculated to render reading and 
translation peculiarly serviceable in acquiring the French Language; accompanied by Explanatory 
Notes, a Selection of Idioms, etc. Fourteenth Edition. I2mo. bs. 6d. bound. 

Merlefs Exercises on French Composition. Consisting of 

Extracts from English Authors to be turned into French ; with Notes indicating the - Differcmccs in 
Style between the Languages. A List of Idioms, with Explanations, Mercantile Terms and Cor- 
respondence, Essays, qtc. Second Edition. 12mo. 8s. 6d. 

Merlef s French Synonymes^ explained in Alphabetical 

. Order, with copious Examples (from the “Dictionary of Difficulties”). 12mo. doth, 2,. fid. 

Merlefs Apergu de la Litter ature Fran^aise. i’imo. 2^. 6c?. 
Merlefs Stories from French Writers ; in French and Eng- 

lish. Interlinear (from Merlefs “ Traducteur ”). Second Edition. 12mo. 2s. cloth. 
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ITALIAN. 

Smith's First Italian Course ; being a Practical and Easy 

Method of Learning the Elements of the Italian Language. Edited from the German of Ftuppi, 
after the method of Dr. Ahn. 12mo. 3s. 6d. cloth. 

/ -I — a — a 

INTERLINEAR TRANSLATIONS. 

Locke's System of Classical Instruction, Interlinear Trans- 

FrmeK 

Sismoiidi ; the Battles ot Cressy and Poictiers. ’ 
QmMm. 

Stories from German Writers. 

AUo^ to accompany the Latin aspd Greek Series, 
The London Latin Grammar. 12mo. Is. Gd. 

Tiie London Greek Gramtnar. I2mr, Is. 6d. 

HITORY, MYTHOLOGY, AND ANTIQUITIS. 

Creasy's ( Sir Edward) History of England, With Illustra- 

tions.* 1 vol. small 8vo. ‘Uniform with Schmitz’s “History of Rome,” and Smith’s “History 
of Greece.” Un the Press. 

Smith's Smaller History of England. With Illustrations, 

Fcap. 8vo. 3s 6d. 

Schmitz's History of Pome., from the Earliest Times to the 

Dc,th of CouMODus, A,s. 192. Twentieth Thousand. One Hundred Engravings. 12mo. 
78. 6d. cloth. ^ ^ ^ 

Smith's Smaller History of Pome, With Illustrations, 

Fcap. 8vo. 3s. 6d, cloth. 

Smith's History of Greece., from the Earliest Times to the 

Roman Conquest. With Supplementary Chapters on the History of Literature and Art. New 
Edition. One Hundred Engravings on Wood. Lai*ge 12mo. 7s. 6d. cloth. 

Smith's Smaller History of Greece. With Illustrations, 

Fep, 8vo. 3s« 6d., cloth. 

Smith's Dictionary of the Bible, including Antiquities., 

Biography, Geography, and Natural History. By various writers. With Illustrations. Two Vais.' 
Medium 8yo. Vol. I. £2 2s. # 

Also in Monthly Parts, at 4s. each. 

Smith's Dictionary of Greek and Roman Antiquities, . By 

various Writers. Second Edition. Illustrated by several hundred Engravings on Wood. One 
thick volume, medium 8vo. £2 2s. cloth. 

Smith's Smaller Dictionary of Greek and Roman Antiqui- 

ties. Abridged from the larger Dictionary. New Edition. Crown 8vo. 7s.^6d. cloth. 

Smith's Dictionary of Greek and Roman Biography and 

Mythology. By various Writers. Medium 8vo. Illustrated by numerous Engravings oii Wood. 
Complete in Three Volumes. 8vo. £X> ISs. 6d. doth. 

Smith's Classical Dictionary of Biography^ Mythology., 

and Geography. Partly based on the Dictionary of Greek and Roman Biography and Mytho* 
lo^.” Fifth Edition. 700 Illustrations, dvo. 183., clotli. 

Smithes Smaller Classical Dictionary of Biography^ Mytho- 

logy, and Geography. Abridged from the larger Dictionary. Illustrated by 200 Engravings on 
Wood. ^ New Edition. Crown 8vo. 7s. Cd. clo^. 

Smithes Dictionary of Greek and Roman Geography. By 

various Writers. Illustrated witli Woodcuts of Coins, Plans of Cities, etc. Two Volumes tWo. 
£4 cloth lettered. « 

Smith's Student's Manual of Ancient Geography., founded 

upon the “ Dictionary of Greek and Roman Geography.” Witli Maps, Plans, and many Illustra- 
tions. Small dvo. 9s. cloth. 


laaons. 


IS. ou. eocu. 

Latin, 


Phmdrus’s Fables of -Esop. 
Virgil’s uEneid. Book I. 

Caesar’s Invasion of Britain. 

Greek. 

Lucian’s Dialogues. Selections. 
Homer’s Iliad. Book I. 
Herodotus’s Histories. Selections. 
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Niebuhr's History of Borne, From the Earliest Times to 

the First Punic War. Fourth Edition. Translated by Bishop Thi&lwall, Aechdeacoh Habe, 
Db. SMiTB|%nd Pb. Schmitz. Three Yols. 8to. £i 16s. 

Nevmqin (F, W. ) The Odes of Horace,, Translated into 

Un-rhymed Metres, with Introduction and Notes. Cro^ 8vo. fts. cloth. 

Newman (F, W.) The Iliad of Homer, faithfully Trans- 

lated into Un-rbymed Metre. 1 toI. crown 8vo. 68. 6d. doth. 

Aherman^s Numismatic Manual: or,, Guide to the Col- 

lection and Stndy of Greek, Roman, and English Coins. Illustrated bj Engravings of many 
hundred types, by means of wliich even imperfect' and obliterated pieces may be easily deciphered. 
8ro. 218. doth. ’ 


MENTAL PHILOSOPHY. 

Ramsay's (Sir George) Principles of Psychology. 

8vo. 10s. 6d. cloth. 

Bamsajfs ( Sir George) Instinct and Reason ; or^ the First 

Prindples of Human Knowledge. Crown 8vo. Ss. doth. 


PUEE MATHEMATICS. 

He Morgan's Elements of Arithmetic. 

Eighteenth Thousahd. Royal 12mo. Ss. doth. * 

Ellenberger's Course of Arithmetic, as taught in the Pesta- 

lozzian School, Worksop. Post 8vo. 5s. cloth. 

The Answers to the Questions in this Volume, price Is. 6ci. 

Mason's First Book of Euclid. Explained to Beginners. 

Fcap. 8yo. Is. 9d. 

' Reiner's Lessons on Form ; or, An Introduction to Geo- 

metry, as given in a Pestalozzian School, Cbeam, Surrey. 12mo., with numerous Diagrams. 
3s. 6d. doth. 

Pdner's Lessons on Number, as given in a Pestalozzian 

0 School at Oheam, Surrey. The Master’s Manual. New Edition. 12mo. cloth, 6s. 

Tables of Logarithms Common and Tngonometrical to 

Five Places. Under the Superintendence of the Society for Hie Diffusion o/ Usffvl Knowledge. Fcap. 
8vo. Is. 6d. 

Barlow's Tables of Squares, Cubes, Square Roots, Cube 

Roots, and Reciprocals of all Integer Numbers up to 10,000. Stereotype Edition, examined and 
corrected. Under the Superinlendme of the Society for the Diffusion qf Useful Knowledge. Royal 
12mo. 88. doth. 


MIXED MATHEMATICS. 

Potter's Elementary Treatise on Mechanics, for the Use of 

the Junior University Students. By Richaud Poirra, A.M., Professor of Natural Philosophy in 
University College, London. Fourth Edition. 8vo., with numerous Diagrams. Ss. 6d. doth. 

Potter's Elementary Treatise on Optics. Part I. Con- 

taining all the requisite Propositions carried to First Approximations, with the construction of 
Optical Instruments, for the Use of Junior University Students. Second Edition. 8vo. 9s. 6d. 
cloth. 

Potter's Elementary Treatise on Optics. Part II. Con- 

tainlng the Higher Propositions, with their application to the more perfect forms of Instruments. 
8VO. 12b. 6d. >r , ri 
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Patterns Physical Optics ; or^ the Nature and Properties of 

Light. A DescriptiTe and Experimental Treatise. 100 lUiistrations. 8 to. Os. 6d. 

NewtPs Elements of Mechanics^ including Hydrostatics^ 

with Kumerons ExMnples. By S^inn. Nswth, M.A.. Fellow of Unirersity College, London. 
Third Edition. Bevised and enlarged. Small 8to. Ss. 6d., cloth. 

Newth^s First Book of Natural Philosophy ; or, an Intro- 

daction to the Study of Statics, Djmamics, Hydrostatics and Optics with numerous Examples. New 
Edition. 12mOe 3s. Od.^ doth. 

Newth's Mathematical Examples: a Graduated Series of 

Elementary Examples in Arithmetic, Algebra, Logarithms, Trigonometry, and Uechanlcs.. With 
Answers. Small 8vo. 8s. 6d. cloth. 

Sold also in Four Parts (without Answers), separately — 


Arithmetic, 2s. 6d. 
Algebra, 28. 6d. 


Trigonometry and Logarithms, 2s. 6d. 
Mechanics, 2s. 6d. 


NATUBAL PHILOSOPHY, ASTBOHOMY, Etc. 

Lardner's Museum of Science and Art Complete in Twelve 

Single Volumes, 18s., ornamental boards, or Six Double Ones, ^1 Is., cloth lettered. 

Also Mndsomelp half-bound Morocco^ 6 volumes £l Us. 6d. 

COKTENTS. 

The Planets; are they Inhabited Worlds? Weather Prognostics. Popular Fallacies in Questions of 
Physical Science. Latitudes and Longitudes. Lunar Influences. Meteoric Stones and Shooting Stars. 
Railway Accidents. Light. ODmmon Things.— Air. Locomotion in the United States. Cometary 
Influences. Common Things.— Water. The Potter’s Art. Common Things.— Fire. Locomotion and 
IVansport, their Influence and Progress. The Moon. Common Things.— The Earth. The Electric 
Telegraph. Terrestrial Heat. The Suu. Earthquakes and Volcanoes. Barometer, Safety Lamp, 
and Whitworth’s Microinetric Apparatus. Steam'. The Steam Engine. The Eye. The Atmosphere. 
Time. Common Things. —Pumps. Common Things. — Spectacles— the Kaleidoscope. Clocks and 
Watches. Microscopic Drawing and Engraving. The Locomotive. Thermometer. New Planets. — 
Leverrier and Adam’s Planet. Magnitude and Minuteness. Common Things.— Tho Almanack. Optical 
Images. How to Observe the Heavens. Common Things.— The Looking Glass. Stellar Universe. 
The Tides. Colour. Common Things.— Man. Magnifying Glasses. Instinct and Intelligence. The 
Solar Microscope.— The Camera Lucida. Tho Magic Lantern. — ^The Camera Obscura. The Microscope. 
The White Ants. — Their Manners and Habits. The Surface of the Earth, or First Notions of Geography. 
Science and Poetry. Tho Bee. Steam Navigation. Electro-Motive Power. Thunder, Lightning, and 
the Aurora Borealis. The Printing Press, The Crust of the Earth. Comets. The Stereoscope. The 
Pre-Adamite Earth. Eclipses. Sound. 

Lardner's Animal Physics, or the Body and its Functions 

Familiarly Explained. 522 Illustrations. 1 vol. small 8vo. 128. 6d. cloth lettered. 

Contents; — General Views of the Animal Organisation, Bones and Ligaments, Muscles, Struc* 
ture of the Lower Animals, Nervous System, Circulation, Lymphatics, Respiration, Digestion, 
Assimilation, Secretion, the Skin, Animal Heat, Senses, Touch, Smell, Taste, Vision, Hearing, 
Voice, Development, Maturity, Decline, Death. 

Lardner's Animal Physiology for Schools* 

190 Illustrations. 12mo. Ss. 6d. cloth. 

Lardn&ds Hand-Book of Natural Philosophy, 

1,334 Cuts. Four Volumes. 20s. 

AUo in SeparcUe Volumes : — 

Mechanics. 5s. I Optica. 58. 

Hydrostatics, Pneumatics, and Heat. Os. | Electricity, Magnetism, and Acouatica. 5a. 

Lardner^s Hand-hook of Astronomy. Second Edition, 

Revised and Edited hy Edwin Dunkin, F.R.A.S., of the Royal Observatory, Greenwich. 35 Plates 
and 200 Engravings in Wood. Complete in One Volume. Small 8vo« 6d« 

Lardner's Natural Philosophy for Schools. 328 lUustra- 

tions. Third Edition. 1 vol., large 12mo. 3a. 6d., cloth. 
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Glossary of Scientific Terms for General Use, By . 

Aisxamosb H£nkt, M.D. Small 8vo, Ss, Cd. 

Pictorial Illustrations of Science and Art. With Explana- 

tory Notes. A Collection of large IMnted Sheets, each appropriated to a particular Subject, and 
containing from 60 to 100 Engraved Figures. Complete, Nine Sheets folded in a cover, 4s. 6d,; 
also in Pm*ts at Is. Od., each containing Three Sheets. The size of the Sheet is J22 by 28 inches. 
Any Sheet may be purchased separately, price 6d. 

Part I. Is. 6d. Part II. Is. M. Part III. Is. 6d. 

1. Mechanic Powers. 4. Elements of Machinery. 7. Hydrostatics. 

2. Machinery. 6. Motion and Force. 8. Hydraulics. 

3. Watch and Clock Work. 6. Steam Engine. 9. Pneumatics. 

Lardner's Popular Geology, {From the ^'‘Museum of 

Science and Art.”) 201 Elnstrations. 28. 6d. 

Lardner's Common Things Explained. 

Containing: Air— Earth— Fire— Water— Time— The Almanack— Clocks and Watches— Spe^acles 
—Colour— Kaleidoficope— Pumps— Man— The Eye— The Printing Press— The Potter’s Art— Xoco- 
% motion and Transport— The Surface of the Earth, or First Notions of Geography. (From the 
“ Museum of Science and Art.”) With 233 Illustrations. Complete, 6s. cloth lettered. 

Sold aUo in Two Seri^^ 2j. 6d. each, 

Lardner^s Popular Physics. Containing: Magnitude and 

Minuteness— Atmosphere— Thunder and Lightning— Terrestrial Heat- Meteoric Stones— Popular 
. Fallacies— Weather Prognostics — Thermometer— Barometer— Safety Lamp— Wliitworth's Micro- 
metric Apparatus — Electro-Motive Power — Sound — Magic Lantern— Camera Obscura— Camera 
Lucida— Looking Glass— Stereoscope-Science and Poetry, (From the “ Museum of Science and 
Art.”) With 85 Illustrations. 2s. 6d., cloth lettered. 

Lardner's Popular Astronomy. Containing: How to 

Observe the Heavens— Latitudes and Longitudes— The Earth— The Sun— The Moon— The Planets : 
are they Inhabited?— The New Planets — Leverrier and Adams’ Planet— The Tides — Lunar 
Influences — and the Stellar Universe— Light— Comets— Cometary Influences— Eclipses— Terres- 
trial Rotation— Lunar Rotation— Astronomical Instruments. (From the “ Museum of Science and 
Art.'^) 182 Illustratious. Complete, 4s. fid., cloth lettered. 

Sold also in Two Series, 2s. Gd. and 2s, each. 

Lardner on the Microscope. (From the '‘'‘Museum of 

Science and Art.’0 1 vol. 147 Engravings. 28. 

Lardner on the Bee and White Ants. Their Manners and 

Habits ; with Illustrations of Animal Instinct and Intelligence, (From the “ Museum of Science 
and Art.”) 1 voL, with 136 lUustrutions, 2s., cloth lettered. 

Lardner on Steam and its Uses; including the Steam 

Engine, the Locomotive, and Steam Navigation. (From the Museum of Science and Art.”) 1 vol. 

82 Mlustrations. 2s. 

Lardner on the Electric Telegraphy Popularised. With 

100 Illustrations. (From the “ Museum of Science and Art.”) 12mo., 260 pages. 2s. cloth lettered. 

The following W(^ks from “ Lardner^ s Museum of Science and Art^^ may also be had 
arranged as described, handsomely half --bound morocco, cloth sides. 

Common Things. Two Series in one yoL, 7s. 6d. * 

Popular Astronomy. Two Series in one vol., 78. 

Electric Telegraph with Steam, and its Uses, in one vol.» 7s. 

Microscope and Popular Physics, in one vol., 7s. 

Popular Geology, and Bee and White Ants, in one vol., 78. 6d. 

A Guide to the Stars for every Night in the Year, 

In Eight Planispheres. With an Introduction. 8vo. 63. cloth. 

Minasi's Mechanical Diagrams. For the Use of Lecturers 

and Schools. 15 Sheets of Diagrams, coloured, 15s., illustrating the following subjects:—! and 2. 
Composition of Forces.— 8. Equilibrium.— 4 and 5. Levers.— C. Steelyard and Brady Balance, and 
Danish Balance.— 7. Wheel and Axle, — 8.* Inclined Plane.— 9, 10, 11. Pulleys.— 12. Umiter’s 
Screw.— 13 and 14. Tootlied Wheels.— 15. Combination of the Mecliariical Powers. 
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LOGIC. ’ 

De Morgan^ s Formal Logic. Or^ The Calcutlm of Inference^ 

, Necessary and Probable. 8vo. 63. 6d. 

De Morgan's Syllabus of a Proposed System of Logic. 

8vo. Is. 

Neil's Art of Reasoning: a Popular Exposition of the 

Principles of Logic, Inductive, and Deductive; with an Introductory Outline of the history of 
Logic, and an Appendix on recent Logical Developments, with Notes. Crown 8vo., 4s. 6d., doth. 


ENGLISH COMPOSITION. 

NeiVs Elements of Rhetoric ; a Manual of the Laws of 

Taste, including the Theory and Practice of Composition. Crown 8vo. * 4s. 6d., cloth. 

— • 

DRAWING. 

Lineal Drawing Copies for. the earliest Instruction. Com- 

prising upwards of 200 subjects on 24 sheets, mounted on 12 . pieces of thick pasteboard, in a 
Portfolio. By the Author of “ Drawing for Young Children.*’ 6s. 6d. 

Easy Drawing Copies for Elementary Instruction. Simple 

Outlines witliout Perspective. 67 Subjects, in a Portfolio. By the Author of “ Drawing for Young 
Children.” Gs. 6d. 

Sold also in Two Sets. 

Set I. Twenty-six Subjects mounted on thick pasteboard, in a Portfolio. Price 38. 6d. 

Set II. Forty-one Subjects mounted on thick pasteboard, in a Portfolio. Price 38. 6d. 

The Copies are sufficiently Jarge and bold to be drawn from by forty or fifty children at the same 


SINGING. 

The Singing Master Complete. 1 Vol. Svo. Qs. cloth. 

CONSISTING OF 

I, First Lessons in Singing, and the Notation of Music, 8vo. Is. 

II. Rudiments of the Science of Harmony. Svo. Is. 

III. The First Class Tune Book. Svo. Is. 

IV. The Second C^ss Tune Book. Svo. Is. 6d. 

*V. The Hymn Tune Book. 70 Popular Psalm and Hymn Tunes. Svo. ls.6d. 

Anp Part may be purchased Separately. 

Parts 1, 3, and 4 Contain thb Following Vocal Exercises and Moral Songs. 

Abroad at Home — And Now we Part— Be you to others Kind and True— Grace before Meat— 
Grace after Meat — He that would Thrive — Lost Time — Love of Truth — Love your Neighbour — 
Let us Endeavour— Let your Pleasure — Plough Deep— Swiftly Flies our Time Away — Time 
andTide — When a^Weary Task you Find it— Your Patience and Prudence— Absent Friends — 
Alphabet— A Man’s a Man for all That— Bells Ringing — Britons, Arise— Chatterbox— Come 
and See how Happily — Come, Let us Sing — Come, Let us March and Sing — Cricket Song — Days 
of the Months— DulceDomum — Early to Bed— Ere Around the Huge Oak — Farewell — Filial 
Affection— For Age and Want— Fori^veness— Golden Rule — Good Night— Hark, the Lark— 
Harmonious Blackbird— Harvest Home — Home — Hot Cross Buns — How the Wind is Blowing- 
Humble Fare — Idleness and Knavery — If you Get into Debt— Improve the Passing Hours— fn 
the Cottage — Kind Heart —Labourer’s Song— Let the Smiles of Youth —Linnet— Love of Truth 
— Lullaby — Multiplication Table — Ditto, Second Part — March, and Lift Up your Voices — Might 
with the flight — National AnQiem —Neatness and Cleanliness — Now Let Notes of Joy —Nursery 
Jest — Old Friends Shall Never be Forgot— Over the Water— Our Native Land— Patriots’ Song — 
Peasants’ Song— Peacemaker— Pence Table— Perseverance; or, Try Again— Play Hours — 
ITocrastination — Praise of Spring— Rejoice, Rejoice — Rule Britannia— School is Begun — Se6| 
He Comes — Sluggard — Stormy Winds — Sunrise — Time for Rest — Tit for Tat — Twinkle, Tw^- 
kle, Little Star— The Hour is Come of TSvilight Grey — To the Good Cause-Try Again — We All 
Love One Another- Welcome to School— We’ll Go to our Places— Welcome — Well Done— 
When We Go Out Together— When the Rosy Mom — Work Away. 

Some of the Vocal Exercises,. Moral Songs, and Hymns ^ with the Musie^ may alto be had^ printed on 
Cards, price Twopence eocA.Card, or Twenty ‘five for Three ShUHnge. 



S WORKS PUBLISHED BY WALTON AND MABERLT. 

^ CHElfriSTEY. 

« 

lAehig's Natural Laws of Husbandry. 

Edited by Dr. Blttii. 8vo. 

Liebig's Familiar Letters on Chemistry^ in its Relations 

to Physiolo^cy, Dietetics, Agriculture, Commerce, and Political Economy. Fourth Edition, revised 
and enlarged with Kew Letters. Crown 8vo. cloth. 7s. 6d. 

Liebig's Letters on Modem Agriculture. Crown Svo. 65 . 
Liebig's PrincipUs of Agricultural Chemistry ; with special 

Eeference to the late Researches made in England. Small Svo. 3s. 6d., cloth. 

Liebig's Hand-Book of Organic Analysis ; containing a 

detaSed \ccount of the various methods used in determining the Elementary composition of 
Organic Substances. Illustrated by 85 Woodcuts. 12mo. 6s., cloth. 

Gregory's Hand-Book of Chemistry. For the use of 

Students. By William Gbegory, M.D.,late Professor of Chemistry In the University of Edinburgh. 
Fom-th Edition, enlarged and revised. Illustrated by Engravings on Wood. Complete in one large 
volume. l2mo. 18s. cloth. 

Sold also in Two Volumes {separately) as tinder. 

iKOROANio Chemistry. 6s. 6d. cloth. 

Organic Chemistry. 12s., cloth. 

Chemistry for Schools. By Dr. Lardner. 190 Illustra- 

tions. Large 12mo. 3s.6d. r 

Bunsen's Gasometry ; comprising the leading Physical and 

Chemical Properties of Gases, together with tho^Methods of Gas Analysis. Translated by Dr. lioscoc 
68 Illustrations. Svo. 8s. 6d., cloth. 

Parnell on Dyeing and Calico Printing. (Reprinted from 

Pabn£LL* 8 Applied Chemistry in Manufactures, Arts, and Domestic Economy, 1844.”) With 
Illustrations. Svo. 7s., cloth. 

QENjERAL LITEBATURlf. 

Grant's Tabular View of the Primary Divisions of the 

Animal Kingdom, Intended to serve as an outline of an £lementar> louuc of Recent Zoology. 
8 to. 2s.' sewed. 

Dr. Smith on Health dind Disease, as influenced by the 

Pally, 9^as<mal, and other Cyclical Changes in the Human System. Small Svo. 10s. 6d. 

De Morgan's Book of Almanacs. With an Index of 

Beferehce by which the Almanac may be found for every Year, whether in Old Style or New, from 
any Epoch, Ancient lOr Modem, up to a.d. 2000 With means of finding the Day or Full Moon, 
from B.c. 2000 to Aii>. 2000. 6s., cloth lettered. 

Guises at Truth. By Two Brothers. New Edition. 

With an Index. Complete, 1 vol, small Svo. Cloth, red edges. 10s. 6d. 

RudalV 8 Memoir of the Rev. James Crabb ; late of South- 

ampton. 'With Portrftt. Large 12mo. 68., clotli. 

Herschell (R. H.), The Jews ; a brief sketch of their Present 

state and Future Expectations. Fcap. 6vo. la.6d.,clotb. 


erxKiatnaa and eo., nininBa, riNSBUBT ciaous. 











